
MANUAL 

Of 

BACTERIOLOGY 


BV 

ROBERT MUIR, M.A., M.D., F.R.C.P.Ed. 

t* rAtnojJMinr, cmvnmirif m mMumw 


Am* 

JAMES RITCHIE, M.A., M.D., B.Si-. 

tut'. miUlKiU *»' I-IB ?*«.«: l *’<)*' SttriCOTIMSMi 

r«f>'iui«iu.»' *-*f i'n.'fwnmt iii“ rut VKU-tiwm* <r*fonit 


m'tmi 


wmt mM mvmrr^NH /tsvrrnATmm 


EBlNBirEOH, GM,m,IOW, AND LO.NI)ON . 
Umm FEOWDE AND HODDEE & STOlJOirTQN 
I 90 lr 



Printed by R. & R. Clark, Limited, Edinburg^Jt, 


U rdgrhis reserved 



PEEFACE TO THE FOUETH EDITION. 


In the present edition the whole subject has been carefully 
revised. During the five years since the last edition was 
published, valuable additions to our knowledge have been 
made in practically every department, whilst in the case of 
several diseases there have been discoveries of the highest 
importance. Our object has been to incorporate this new 
matter and at the same time to maintain the primary object 
of the work as a text-book for students of medicine. Thus 
whilst we have dealt with all the facts having a direct bearing 
on clinical medicine we have also given considerable prominence 
to matters at present under discussion from the scientific point 
of view. In this way we have endeavoured to give a faithful 
representation of the subject as it at present stands both in 
its practical and theoretical aspects. In the case of several 
diseases which up till recent times have been inve^stigated by 
purely bacteriological methods there is now considerable evidence 
that the causal agent is of protozoal natuie. Amongst such 
conditions the most important are those in which spirocheetes 
are concerned, syphilis and the relapsing fevers being outstand- 
ing examples. As, however, the exact biological relationships 
of these organisms are still matters of dispute we have kept 
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the diseases in question in the original arrangement. In the 
appendix will be found an additional chapter dealing with 
trypanosomiasis and allied affections. A number of new 
illustrations have been added throughout the book, and the 
bibliography has been brought up to date. 

October 1907. 



PREFACE TO THE FIRST EDITION. 


The science of Bacteriology lias, within recent years, become 
so extensive, that in treating the subject in a book of this size 
we are necessarily restricted to some special departments, unless 
the description is to be of a superficial character. Accordingly, 
as this work is intended primarily for students and practitioners 
of medicine, only those bacteria which are associated with 
disease in the human subject have been considered. We have 
made it a chief endeavour to render the work of practical utility 
for beginners, and, in the account of the more important 
methods, have given elementary details which our experience in 
the practical teaching of the subject has shown to be necessary. 

In the systematic description of the various bacteria, an 
attempt has been made to bring into prominence the evidence, of 
their having an etiological relationship to the corresponding 
diseases, to point out the general laws governing their action as 
producers of disease, and to consider the effects in particular 
instances of various modifying circumstances. Much research 
on certain subjects is so recent that conclusions on many points 
must necessarily be of a tentative character. We have, therefore, 
in our statement of results aimed at drawing a distinction 
between what is proved and what is only probable. 

In an Appendix we have treated of four diseases ; in two of 
these the causal organism is not a bacterium, whilst in^he other ^ 
two its nature is not yet determined. These* diseases have been 
vii 
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CHAPTER I. 

GENERAL MORPHOLOGY AND BIOLOGY. 

Introductory. — At the bottom of the scale of living things there 
exists a group of organisms to which the name of bacteria is 
usually applied. These are apparently of very simple structure 
and may be subdivided into two sub-groups, a lower and simpler 
and a higher and better developed. 

The lower forms are the more numerous, and consist of 
minute unicellular masses of protoplasm devoid of chlorophyll, 
which multiply by simple fission. Some are motile, others non- 
motile. Their minuteness may be judged of by the fact that in 
one direction at least they usually do not measure more than 
1 fx inch). These forms can be classified according to 

their shapes into three main groups — (1) A group in which the 
shape is globular. The members of this are called cocci. (2) A 
group in which the shape is that of a straight rod — the pro- 
portion of the length to the breadth of the rod varying greatly 
among the different members. These are called bacilli. (3) A 
group in which the shape is that of a curved or spiral rod. 
These are called spirilla. The full description of the characters 
of these groups will be more conveniently taken later (p. 11). 
In some cases, especially among the bacilli, there may occur 
under certain circumstances changes in the protoplasm whereby 
a resting stage or spore is formed. 

The higher forms show advance on the lower along two lines. 
(1) On the one hand they consist of filaments made up of 
simple elements such as occur in the lower forms. Thes^ 
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individuals may easily take place, especially in a fluid medium 
in which they may float entirely free from one another. Many 
of the higher bacteria possess a sheath which has a much more 
definite structure than is found among the lower forms. It 
resists external influences, possesses elasticity, and serves to bind 
the elements of the organism together. 

Reproduction among the Lower Bacteria. — When a bacterial 
cell is placed in favourable surroundings it multiplies ; as has 
been said, this, in the great majority of cases, takes place by 
simple fission. In the process a constriction appears in the 
middle and a transverse unstained line develops across the 
protoplasm at that i)oint. The process goes on till two 
individuals can be recognised, which may remain for a time 
attached to one another, or become se}>arate, according to the 
character of the envelope, as already explained. In most 
bacteria growth and multiplication go on with great rapidity. 
A bacterium may reach maturity and divide in from twenty 
minutes to half an hour. If division takes place only every 
hour, from one individual after twenty-four hours 17,000,000 
similar individuals will be produced. As shown by the results 
of artificial cultivation, others, such as the tubercle bacillus, 
multiply much more slowly. Sometimes division proceeds so 
rapidly that the young individuals do not reach the adult size 
before multiplication again occurs. This may give rise to 
anomalous appearances. When bacteria arc placed in unfavour- 
able conditions as regards food, etc., growth and multiplication 
take place with difficulty. In the great majority of cases this is 
evidenced by changes in the appearance of the protoplasm. 
Instead of its maintaining the regularity of shape seen in healthy 
bacteria, various aberrant appearances are i)resented. This occurs 
especially in the rod -shaped varieties, where flask- shaped or 
dumb-bell-shaped individuals may be seen. The regularity in 
structure and size is quite lost. The appearance of the protoplasm 
also is often altered. Instead of, as formerly, staining well, it 
does not stain readily, and may have a uniformly pale, homo- 
geneous appearance, wliile in an old culture only a small 
proportion of the bacteria may stain at all. Sometimes, on the 
other hand, a degenerated bacterium contains intensely stained 
granules or globules which may be of large size. Such aberrant 
and degenerate appearances are referred to as involution forms. 
That these forms really betoken degenerative changes is shown 
by the fact that, on their l)eing again transferred to favourable 
conditions, only slight growth at first takes place. Many 
individuals have undoubtedly died, and the remainder which 
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live and develop into typical forms may sometimes have lost 
some of their properties. 

Reproduction among the Higher Bacteria. —Most of the liigher bacteria 
consist of thread-like structures more or less septate and often surrounded 
by a sheath. The organism is frequently attached at one end to some 
object or to another individual. It grows to a certain length and then 
at the free end certain cells called gonidia are cast off from which new 
individuals are formed. These gonidia may be formed by a division 
taking place in the terminal element of the filament such as has occurred 
in the growth of the latter. In some cases, however, division takes 
place in three dimensions of space. The gonidia have a free existence 
W a certain time before becoming attached, and in this stage are 
sometimes motile. They are usually rod-like in shape, sometimes 
pyriform. They do not possess any special powers of resistance. 

Spore Formation. — In certain species of the lower bacteria, 
under certain circumstances, changes take place in the protoplasm 
which result in the formation of bodies called spores, tp which 
the vital activities of the original bacteria are transferred. 
Spore formation occurs chiefly among the bacilli and in some 
spirilla. Its commencement in a bacterium is indicated by the 
appearance in the protoplasm of a minute highly retractile 
granule unstained by the ordinary methods. This increases in 
size, and assumes a round, oval, or short rod-shaped form, always 
shorter but often broader than the original bacterium. In the 
process of spore formation the rest of the bacterial protoplasm 
may remain unchanged in appearance and staining power for a 
considerable time {e.(/. b. tetani), or, on the other hand, it may 
soon lose its power of staining and ultimately disaj)pear, leaving 
the spore in tlie remains of the enve]o}>e {e,g. b. anthracis). 
This method of spore formation is called endogenous. Bacterial 
spores are always non-motile. The spore may appear in the 
centre of the bacterium, or it may be at one extremity, or a 
short distance from one extremity (Fig. 1, No. 11). In structure 
the spore consists of a mass of protoplasm surrounded by a dense 
membrane. This can be demonstrated by methods which will 
be described, the underlying principle of which is the prolonged 
application of a powerful stain. The membrane is supposed to 
confer on the spore its characteristic feature, namely, great 
capacity of resistance to external influences such as heat or 
noxious chemicals. Koch, for instance, in one series of experi- 
ments, found that while the bacillus anthracis in the unspored 
form was killed by a two minutes’ exposure to 1 per cent carbolic 
acid, spores of the same organism resisted an exposure of from 
one to fifteen days. , 

When a spore is placed in suitable surroundings for growth 



§ OEl^EBAL MORPHOLOGY MD BIOLOGY 

it again assumes the original bacillary or spiral form. The 
cap^Fule dehisces either longitudinally, or terminally, or trans- 
; versely. In the last case the dehiscence may be partial, and the 
new individual may remain for a time attached by its ends to 
the hinged spore-case, or the dehiscence may be complete and 
the bacillus grow with a cap at each end consisting of Jhalf the 
spore-case. Sometimes the spore-case does not dehisce, but is 
simply absorbed by the developing bacterium. 

It is important to note that in the bacteria spore formation 
is rarely, if ever, to be considered as a method of multiplication. 
In at least the great majority of cases only one spore is formed 
from one bacterium, and only one bacterium in the first instance 
from one spore. Sporulation is to be looked upon as a re&ting 
stage of a bacterium, and is to be contrasted with the stage 
when active multiplication takes place. The latter is usually 
referred to as the vegetative stage of the bacterium. Regarding 
the signification of spore formation in bacteria there has been 
some difference of opinion. According to one view it may be 
regarded as representing the highest stage in the vital activity 
of a bacterium. There is thus an alternation between the 
vegetative and spore stage, the occurrence of the latter being 
necessary to the maintenance of the species in its greatest 
vitality. Such a rejuvenescence, as it were, through sporulation, 
is known in many algae. In support of this view there are 
certain facts. In many cases, for instance, spore formation only 
occurs at temperatures specially favourable for growth and 
multiplication. There is often a temperature below which, 
while vegetative growth still takes place, sporulation will not 
occur ; and in the case of b. anthracis, if the organism be kept 
at a temperature above the limit at which it grows best^ not 
opjy are no spores formed, but the species may lose the power 
of sporulation. Furthermore, in the case of bacteria preferring 
the presence of oxygen for their growth, an abundant supply of 
this gas may favour sporulation. It is probable that even among 
bacteria preferring the absence of oxygen for vegetative growth, 
the presence of this gas favours sporulation. Most bacteriologists 
are, however, of opinion that when a bacterium forms a spore, 
it only does so when its surroundings, especially its food supply, 
become unfavourable for vegetative growth ; it then remains in 
this condition until it is placed in more suitable surroundings. 
Such an occurrence would be analogous to what takes place 
under similar conditions in many of the protozoa. Often 
* sporulation can be prevented from taking place for an indefinite 
time if a bacterium is constantly supplied with fresh food {the 
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other conditions of life being equal). The presence of substances 
excreted by the bacteria themsekes plays, however, a more 
important part in making the surroundings unfavourable than 
the mere exhaustion of the food supply. A living spore will 
always develop into a vegetative form if placed in a fresh food 
supply. With regard to the rapid formation of spores when 
the conditions are favourable for vegetative growth, it must be 
borne in mind that in such circumstances the conditions may 
really very quickly become unfavourable for a continuance of 
growth, since not only will the food supply around the growing 
bacteria be rapidly exhausted, but the excretion of effete and 
inimical matters will be all the more rapid. 

We must note that the usually applied tests of a body 
developed within a bacterium being a spore are (1) its staining 
reaction, namely, resistance to ordinary staining fluids, but 
capacity of being stained by the special methods devised for 
the purpose {vide p. 102) ; (2) the fact that the bacterium 
containing the spore has higher powers of resistance against 
inimical conditions than a vegetative form. It is important to 
bear these tests in mind, as in some of the smaller bacteria 
especially, it is very difficult to say whether they spore or not. 
There may appear in such organisms small unstained spots the 
significance of which it is very difficult to determine. 

The Question of Arthrosporous Bacteria.— It is stated by Hueppe that 
among certain organisms, e.g. some streptococci, certain inaividuals may, 
without endogenous sporulation, take on a resting stage. These become 
swollen, stain well with ordinary stains, and they are stated to have 
higher power of resistance than the other forms ; further, when vegetative 
life again occurs it is from them that multiplication is said to take place. 
From the fact that there is no new formation witiiin the protoplasm, 
but that it is the whole of the latter which participates in the change, 
these individuals have been called arthrospores. The existence of such 
fecial individuals amongst the lower bacteria is extremely problematical. 
They have no distinct capsule, and they present no special staining 
reactions, nor any microscopic features by which they can be certainly 
recognised, while their alleged increased powers of resistance are very 
^doubtful. All the phenomena noted can be explained by the undoubted 
fact that in ah ordinary growth there is very great variation among the 
individual organisms in their powers of resistance to external conditions. 

Motility. — As has been stated, many bacteria are motile. 
Motility can be studied by means of hanging-drop preparations 
{vide p. 63). The movements are of a darting, rolling, or 
vibratile character. The degree of motility depends on the 
species, the temperature, the age of the growth, and on the 
medium in which the bacteria are growing. Sometimes the . 
movements are most active just after the cell has multiplied, 
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Sometimes it goes on all through the life of the bacterium, 
sometimes it ceases when spomlation is about to occur. Mbtility 
is associated with the possession of fine wavy thread - like 
appendages called flagella, which for their demonstration require 
the application of special staining methods {vide Fig. 1, No. 12 ; 
and Fig. 112). They have l^en shown to occur in many bacilli 
and spirilla, but only in a few species of cocci. They vary in 
length, but may be several times the length of the bacterium, 
and may be at one or both extremities or all round. When 
terminal they may occur singly or there may be several. The 
nature of these flagella has been much disputed. Some have 
held that, unlike what occurs in many algae, they are not actual 
prolongations of the bacterial i)rotoplasm, but merely appendages 
of the envelope, and have doubted whether they are really organs 
of locomotion. There is now, however, little doubt that they 
belong to the protoplasm. By appro})riate means the central 
parts of the latter can be made to shrink away from the peripheral 
{vide infra^ “ plasmolysis ”). In such a case movement goes on 
as before, and in stained })rei>arations the flagella can be seen 
to be attached to the peripheral zone. It is to be noted that 
flagella have never been demonstrated in non -motile bacteria, 
while, on the other hand, they have been observed in nearly all 
motile forms. There is little doubt, however, that all cases of 
motility among the bacteria are not dependent on the possession 
of flagella, for in some of the special spiral forms, and in most 
of the higher bacteria, motility is })robably duo to contractility 
of the proto|)lasm itself. 

The Minuter Structure of the Bacterial Protoplasm.— Many attempts 
have been made to obtain deeper information as to the structure of the 
bacterial cell, and especially as to its behaviour in division. These 
have largely turned on the interpretation to be put on certain appear- 
ances which have been observed. . These appearances are of two kinds. 
First, under certain circumstances irregular deeply-stained granules are 
observed in the protoplasm, often, when they occur in a bacillus, giving 
the latter the appearance of a short chain of cocci. They are often 
called metachromatic granules {vide Fig. 1, No. 16) from the fact that * 
by appi*opriate procedure they can be stained with one dye, and the 
protoplasm in which they lie with another ; sometimes, when a single 
stain is used, such as methylene blue, they assume a slightly different 
tint from the protoplasm. 

For the demonstration of the metachromatic granules two methods 
have been advanced. Ernst recommends that a few drops of Loffler’s 
methylene blue [vide p. 98) be placed on a cover-glass preparation and 
the latter passed backwards and forwards over a Bunsen flame for half 
a minute after steam begins to rise. The preparation is then washed 
in water and counter-stained for one to two minutes in watery Bismarck- 
brown. The granules are here stained blue, the protoplasm brown. 
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Neisser stains a similar prepai^tion in warm carbol-fuohsin, washes 
with 1 per cent sulphuric acid, and counter- stains with Loffler’s blue. 
Here the granules are magenta, the protoplasm blue. The general 
character of the granules thus is that they retain the first stain more 
intensely than the rest of the protoplasm does. 

A second appearance which can sometimes be seen in specimens 
stained in ordinary ways is the occurrence of a concentration of the 
protoplasm at each end of a bacterium, indicated by these parts being 
deeply stained. ^ These deeply stained parts are sometimes called polar 
granules {vide Fig. 1, No. 16, the bacillus most to the right), (German, 
Polkornchen or Polkcirner). 

With regard to the significance that is to be attached to such 
appearances, much depends on whether they are constantly present 
under all circumstances, or only occasionally, when the organism is 
grown in special media or under .special growth conditions. Some 
bacteria, however stained, show evidence of having the protoplasm 
somewhat granular, c.g. the diphtheria bacillus. In other cases this 
granular condition is only .seen wtien the organism has been grown under 
bad conditions, or wliere the food supply is becoming exhausted. Some 
have thought that the appearances might be due to a process allied to 
mitosis and might signify approaching division, but of this there is no 
evidence. 

In perfectly healthy and young bacteria, appearances of granule 
formation and of vacuolation may be accidentally j)rodueed by physical 
means in the occurrence of what is known as plasmolysis. To speak 
generally, wlien a mass of })rotopla.sm surrounded by a fairly firm 
envelope of a colloidal nature is placed in a solution containing salts in 
greater concentration than that in which it has previously been living, 
then by a process of o.smosis tlic water held in the protojfiasm passes 
out through the membrane, and, the protojdasm retracting from the 
latter, the ap))oarance of vacuolation is pre.sented. Now in making a 
dried film for the microscopic examination of bacteria the conditions 
necessary for tlie occurrence of this jirocess may be produced, and the 
appearances of vacuolation and, in certain cases, of Polkbrner may thus 
be brought about. Plasmolysis in bacteria has been extensively 
investigated,^ and has been found to occur in .some species more readily 
than in others. Furthermore it i.s often most readily observed in old or 
otherwise enfeebled cultures. 

Butschli, from a study of some large sulphur-containing forms, con- 
cludes that the greater part of the bacterial cell may correspond to a 
nucleus, and that this is surrounded by a thin layer of protoijlasm which 
in the smaller bacteria escapes notice, unless when, as in the bacilli, it 
can be made out at the ends of the cells. Fischer, it may be said, looks 
on the appearances seen in Biitschli’s preparations as due to plasmolysis. 

The Chemical Composition of Bacteria. — In the bodies of 
bacteria many definite substances occur. Some bacteria have 
been described as containing chlorophyll, but these are properly 
to be classed with the schizophyceaj. Sulphur is found in some 
of the higher forms, and starch granules are also described as 
occurring. Many species of bacteria, when growing in masses, 

^ Consult Fischer, “ Untersuclmngen fiber Bakterien," Berlin, 1894 ; 

“ Ueber den Ban der Cyanophyceen und Bakterien,” Jena, 1897. 
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are brilliantly coloured, though few bacteria associated with the 
production of disease give rise to pigments. In some of the 
Organisms classed as bacteria a pigment named bacterio-purpurin 
has been observed in the protoplasm, and similar intracellular 
pigments probably occur in some of the larger forms of the 
lower bacteria and may occur in the smaller; but it is usually 
impossible to determine whether the pigment occurs inside or 
outside the protoplasm. In many cases, for the free production 
of pigment abundant oxygen supply is necessary; but sometimes, 
as in the case of spirillum rubrum, the pigment is best formed 
in the absence of oxygen. Sometimes the faculty of forming it 
may be lost by an organism for a time, if not permanently, by 
the conditions of its growth being altered. Thus, for example, 
if the b. pyocyaneus be exposed to the temperature of 42° C. 
for a certain time, it loses its power of producing its bluish 
pigment. Pigments formed by bacteria often diffuse out into, 
and colour, the medium for a considerable distance around. 

Comparatively little is known of the nature of bacterial pigments. 
ZopF, however, has found that many of them belong to a group of 
colouring matters which occur widely in the vegetable and animal 
kingdoms, viz. the lipochromos. These lipochroines, which get their 
name from the colouring matter of animal fat, include the colouring 
matter, in the petals of Kaniinculaceae, the yellow pigments of serum and 
of the yolks of eggs, and many bacterial jugraents. The lipochromes are 
characterised by their solubility in ciiloroform, alcohol, ether, and 
petroleum, and by their giving indigo-blue crystals with strong sulphuric 
acid, and a green colour with iodine dissolved in potassium iodide. 
Though crystalline compounds of these have been obtained, their 
chemical constitution is entirely unknown and even their percentage 
composition is disputed. 

. Some observations haye been made on the chemical structure 
of bacterial protoplasm. Nencki isolated from the bodies of 
certain putrefactive bacteria proteid bodies which, according to 
Ruppel, appear to have been allied to peptone, and which 
differed from nucleo-proteids in not containing phosphorus, 
but many of the proteids isolated by other chemists have 
been allied in their nature to the protoplasm of the nuclei 
of cells. Buchner in certain researches obtained bodies of this 
nature allied to the vegetable caseins, and he adduces evidence 
to show that it is to these that the characteristic staining 
properties are due. Various observers have isolated similar 
phosphorus-containing proteids from different bacteria. Besides 
proteids, however, substances of a different nature have been 
isolated. Thus cellulose, fatty material, chitin, wax-like bodies, 
and other substances have been observed. There are also found 
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various mineral salts, especially those of sodium, potassium, and 
magnesium. The amount of different constituents varies ac- 
cording to the age of the culture and the medium used for 
growth, and certainly great variation takes place in the com- 
position of different species. 

The Classification of Bacteria. — There have been numerous 
schemes set forth for the classification of bacteria, the funda- 
mental principle running through all of which has been the 
recognition of the two sub-groups and the type forms mentioned 
in the opening paragraph above. In the attempts to still 
further subdivide the group, scarcely two systematists are agreed 
as to the characters on which sub-classes are to be based. Our 
present knowledge of the essential morphology and relations of 
bacteria is as yet too limited for a really natural classification to 
be attempted. To prepare for the elaboration of the latter, 
Marshall* Ward suggested that in every species there should be 
studied the habitat, best food supply, condition as to gaseous 
environment, range of growth, temperature, morphology, life 
history, special properties and pathogenicity. 

We must thus be content with a provisional and incomplete 
classification. We have said that the division into lower and 
higher bacteria is recognised by all, though, as in every other 
classification, there occur transitional forms. In subdividing 
the bacteria further, the forms they assume constitute at present 
the only practicable basis of classification. The lower bacteria 
thus naturally fall into the three groups mentioned, the cocci, 
bacilli, and spirilla, though the higher are more difficult to deal 
with. Subsidiary, though important, points in still further sub- 
division are the planes in which fission takes place and the 
presence or absence of spores. The recognition of actual species 
is often a matter of great difficulty. The points to be observed 
in this will be discussed later (p. 115). ^ 

I. The Lower Bacteria.^ — These, as we have seen, are 
minute unicellular masses of protoplasm surrounded by an 
envelope, the total vital capacities of a species being represented 
in every cell. They present three distinct type forms, the 
coccus, the bacillus, and the spirillum ; endogenous sporulation 
may occur. They may also be motile. 

1. The Cocci . — In this group the cells range in different 
species from *5 ft to 2 /a in diameter, but most measure about 1 ji. 
Bdfore division they may increase in size in all directions. The 
species are usually classified according to the method of division. 

^ For the illustration of this and the succeeding systematic paragraphs, 
PtfdeFig. 1. 
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If the^c«lls divide only in one axis, and through the consistency 
of their envelopes remain attached, then a chain of cocci will be 
formed. A species in which this occurs is known as a streptch 
coccus. If division takes place irregularly the resultant mass may 
be compared to a bunch of grapes, and the species is often called 
a staphylococcus. Division may take place in two axes at right 
angles to one another, in which case cocci adherent to each other 
in packets of four (called tetrads) or sixteen may be found, 
the former number being the more frequent. To all these forms 
the word micrococcus is often generally applied. The individuals 
in a growth of micrococci often show a tendency to remain 
united in twos. These are spoken of as diplococc% but this is 
not a distinctive character, since every coccus as a result of 
division becomes a diplococcus, though in some s})ecies the 
tendency to remain in pairs is well marked. The adhesion of 
cocci to one another dej)ends on the character of the capsule. 
Often this has a well-marked outer limit {micrococcus tetragenus\ 
sometimes it is of great extent, its diameter being many times 
that of the coccus (streptococcm mesenteriodes). It is especially 
among the streptococci and stajdiylococci that the phenomenon 
of the formation of arthrosi)ores is said to occur. In none of 
the cocci have endogenous s[K)res been certainly observed. The 
number of species of the streptococci and staphylococci probably 
exceeds 150. Usually included in this group are coccus-like 
organisms which divide in three axes at right angles to one 
another. These are usually referred to as sarcincje. If the cells 
are lying single they are round, but usually they are seen in 
cubes of eight mth the sides which are in contact slightly 
flattened. Large numbers of such cubes may be lying together. 
The sarciiije are, as a rule, rather larger than the other members 
of the group. Most of the cocci are non-motile, but a few motile 
species possessing flagella have been described. 

2.' Bacilli . — These consist of long or short cylindrical cells, 
with rounded or sharply rectangular ends, usually not more than 
I p broad, but varying very greatly in length. They may be 
motile or non-motile. Where flagella occur, these may be 
distributed all round the organism, or only at one or both of 
the poles {pseudomonm). Several sj)ecies are provided with 
sharply -marked capsules (b. pneumoniae). In many species 
endogenous sporulation occurs. The spores may be central or 
terminal, round, oval, or spindle-shaped. 

Great confusion in nomenclature has arisen in this group in con- 
sequence of the different artilicial meanings assigned to the essentially 
synonymous terms bacterium and bacillus. Migula, for instance, applies 
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Fio. 1.— 1. Coccus. 2. Streptococcus. 3. Staphylococcus. 4. Capsulated diplococcus. 
5. “ Biscuit ’’-shaped coccus. 6. Tetrads. 7. Sarcina form. 8. Types of bacilli 
(1-8 are diagrammatic). 9. Nou-septate spirillum xlOOO. 10. Ordinary spirillum-— 
(a) comma-shaped element; (ft) formation of .spiral by comma-shaped elements 
XlOOO. 11. Tyi)e8 of spore formation. 12. Flagellated bacteria. 13. Changes In 
bacteria produced by plasmolysis (after Fischer). 14. Bacilli with terminal proto- 
plasm (Biitschli). 15. (a) Bacillus composwl of five protoplasmic meshes ; (6) proto- 
plasmic network in micrococcus (Biitschli). 16. Bacteria containing metachromatic 
granules (Ernst, Nei8ser>— some contain polar granules. 17. Beggiatoa allm. Both 
filaments contain sulphur granules— one is septate. 18. Tldothrix tenuis (Wino- 
gradski). 19. Leptothrix innominata (Miller). 20. Cladothiix dichotoma (Zopi). 
21. Streptotbrixactinomyces (Bostrftm), («) colony nnder low power ; (ft) fllainent 
showing true branching ; (c) filament containing coccus-like bodies ; (d) filament 
with club at end. 
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fche former ierm to non-motile species, tbe latter to the motile. Hueppe, 
on the other hand, calls those in which endogenous sporulation does 
not occur, bacteria, and those where it does, bacilli. In the ordinary 
terminology of systematic bacteriology the word bacterium has been 
almost dropped, and is reserved, as \ve have done, as a general term for 
the whole group. It is usual to call all the rod-shaped varieties bacilli. 

3. Spirilla . — These consist of cylindrical cells more or less, 
spiral or wavy. Of such there are two main types. In one there 
is a long non-septate, usually slender, wavy or spiral thread 
(Fig. 1, No. 9). In the other type the unit is a short curved 
rod (often referred to as of a “ comma shape). When two 
or more of the latter occur, as they often do, end to end 
with their curves alternating, then a wavy or spiral thread 
results. An examjde of this is the cholera microbe (Fig. 1, 
No. 10). This -latter type is of much more frequent occurrence, 
and contains the more important species. Among the first group 
motility is often not associated, as far as is known, with the 
possession of flagella. The cells here apparently move by an 
undulating or screw-like contraction of the protojjlasra. Most of 
the motile spirilla, however, possess flagella. Of the latter there 
may be one or two, or a bunch containing as many as twenty, at 
one or both poles. Division takes place as among the bacilli, 
and in some species endogenous sporulation has been observed. 

Three terms are used in dividing this group, to which dilFercnt authors 
have given different meanings. These terms are spirillum, spirochtete, 
vibrio. Migula makes “ vibrio” synonymous with “microspira,” which 
he applies to members of the m-oup which possess only one or two polar 
flagella ; “spirillum” he applies to similar species wdiich have bunches 
of polar flagella, while “spirochete ” is reserved for the long unflagellated 
spiral cells. Hueppe ap]ilies the term “ spirochaite ” to forms without 
endospores, “vibrio” to those with endospores in which during sporula- 
tion the organism changes its form, and “spirillum” to the latter 
wlien no change of form takes place in sjwrulation. Fliigge, another 
systematist, applies “ spirochiete^’ and “spirillum” indiscriminately to 
any wavy or corkscrew form, and “vibrio” to forms where the undula- 
tions arc not so well marked. It is thus necessary, in denominating such 
a bacterium by a specific name, to give the authority from whom the 
name is taken. 

Quite recently great doubt has arisen as to whether many of 
the non-septate spirillary forms are to be looked on as bacteria 
at all, — the view being taken that in, it may l)e, many cases 
they represent a stage in the life history of what are really 
protozoa of the nature of trypanosomes. The ultimate classifica- 
tion of the spirilla must thus be left an open question. 

n. The Higher Bacteria. — ^These show advance on the lower 
in consisting of definite filaments branched or unbranched. In 
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most cases the filaments at ihore or less regular intervals are cut 
by septa into short rod-shaped or curved elements, Such 
elements are more or less interdependent on one another, and 
special staining methods are often necessary to demonstrate the 
septa which demarcate the individuals of a filament. There is 
further often a definite membrane or sheath common to all the 
elements in a filament. Not only, however, is there this close 
organic relationship between the elements of the higher bacteria, 
but there is also interdependence of function ; for example, one 
end of a filament is frequently concerned merely in attaching 
the • organism to some other object. The greatest advance, 
however, consists in the setting apart among most of the higher 
bacteria of the free terminations of the filaments for the produc- 
tion of new individuals, as has been described (p. 2). There 
are various classes under which the species of the higher bacteria 
are grouped; but our knowledge of them is still somewhat 
limited, as many of the members have not yet been artificially 
cultivated. The heggiatoa group consists of free swimming 
forms, motile by undulating contractions of their protoplasm. 
For the demonstration of the rod-like elements of the filaments 
special staining is necessary. The filaments have no special 
sheath, and the protoplasm contains sulphur granules. The 
method of reproduction is doubtful. The thiothrix group re- 
sembles the last in structure, and the protoplasm also contains 
sulphur granules; but the filaments are attached at one end, 
and at the other form gonidia. The leptothrix group resembles 
closely the thiothrix group, but the protoplasm does not contain 
sulphur granules. In the cladothrix group there is the appearance * 
of branching, which, however, is of a false kind. What happens 
is that a terminal cell divides, and on dividing again, it pushes 
the product of its first division to one side. There are thus two 
terminal cells lying side by side, and as each goes on dividing, 
the appearance of branching is given. Here, again, there is 
gonidium formation ; and while the parent organism is in some 
of its elements motile, the gonidia move by means of flagella. 
The highest development is in the streptothrix group, to which 
belongs the streptothrix actinomyces, or the actinomyces bovis, and 
several other important pathogenic agents. Here the organism 
consists of a felted mass of non-septate filaments, in which true 
dichotomous branching occurs. Under certain circumstances 
threads grow out, and produce chains of coccus-like bodies from 
which new individuals can be reproduced. Such bodies are often 
referred to as spores, but they have not the same staining reactions 
nor resisting powers of so high a degree as ordinary bacterial 
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spores. Sometimes too the protoplasm of the filaments breaks 
up into bacillus-like elements, which may also have the capacity 
of originating new individuals. In the streptothrix actinomyces 
there may appear a club-shaped swelling of the membrane at the 
end of the filament, which has by some been looked on as an 
organ of fructification, but which is most probably a product of 
a degenerative change. The streptothrix group, though its 
morphology and relationships are much disputed, may be looked 
on as a link between the bacteria on the one hand, and the 
lower fungi on the other. Like the latter, the streptothrix forms 
show the felted mass of non-septate branching filaments, which 
is usually called a mycelium. On the other hand, the breaking 
up of the protoplasm of the streptothrix into coccus- and bacillus- 
like forms, links it to the other bacteria. 

General Biology of the Bacteria. 

There are five prime factors which must be considered in 
the growth of bacteria, namely, food supply, moisture, relation to 
gaseous environment, temperature, and light. 

Food Supply.— The bacteria are chiefly found living on the 
complicated organic substances which form the bodies of dead 
plants and animals, or which are excreted by the latter while 
they are yet alive. Seeing that, as a general rule, many bacteria 
grow side by side, the food supply of any particular variety is, 
relatively to it, altered by the growth of the other varieties 
present. It is thus impossible to imitate the complexity of the 
^natural food environment of any species. The artificial media 
used in bacteriological work may therefore be poor substitutes 
for the natural supply. In certain cases, however, the conditions 
under which we grow cultures may be better than the natural 
conditions. For while one of two species of bacteria growing 
side by side may favour the growth of the other, it may also 
in certain cases hinder it, and, therefore, when the latter is 
grown alone it may grow better. Most bacteria seem to 
produce fexcretions which are unfavourable to their own 
vitality, for, when a species is sown on a mass of artificial 
food medium, it does not in the great majority of cases go on 
growing till the food supply is exhausted, but soon ceases to 
grow. Effete products diffuse out into the medium and prevent 
growth. Such diffusion may be seen when the organism pro- 
duces pigment, e.g. b. pyocyaneus growing on gelatin. In 
supplying artificial food for bacterial growth, the general principle 
ought to be to imitate as nearly as possible the natural surround- 



E1LATI0N TO GASEOTJ8 mriMmmm- 11 

ings, though it is found that there exists a considerable adapta- 
bilit/ among organisms. With the pathogenic varieties it is 
usually foi^nd expedient to use media derived from the fluids of 
the animal body, and in cases where bacteria growing on plants 
are being studied, infusions of the plants on which they grow 
are frequently used. Some bacteria can exist on inorganic food, 
but most require organic material to be supplied. Of the latter, 
some require for their proper nourishment proteid to be present, 
while others can derive their nitrogen from such a non-proteid 
as asparagin. All bacteria require nitrogen to be present in 
some form, and many require to derive their carbon from 
carbohydrates. Mineral salts, especially sulphates, chlorides, and 
phosphates, and also salts of iron are necessary. Occasionally 
special substances are needed to support life. Thus some 
species, in the protoplasm of which sulphur granules occur, 
require sulphuretted hydrogen to be present. In nature the 
latter is usually provided by the growth of other bacteria. When 
the food supply of a bacterium fails, it degenerates and dies. 
The proof of death lies in the fact that when it is transferred to 
fresh and good food supply it does not multiply. If the 
bacterium spores, it may then survive the want of food for a 
very long time. It may here be stated that the reaction of the 
food medium is a matter of great importance. Most bacteria 
prefer a slightly alkaline medium, and some, e.g. the cholera 
spirillum, will not grow in the presence of the smallest amount 
of free acid. 

Moisture. — The presence of water is necessary for the con- 
tinued growth of all bacteria. The amount of drying which 
bacteria in the vegetative stage will resist varies very much in 
different species. Thus the cholera spirillum is killed by two or 
three hours’ drying, while the staphylococcus pyogenes aureus 
will survive ten days’ drying, and the bacillus diphtherise still 
more. In the case of spores the periods are much longer. 
Anthrax spores will survive drying for several years, but here 
again moisture enables them to resist longer than when they are 
qui^e dry. When organisms have been subjected to such hostile 
influences, even though they survive, it by no means follows that 
• they retain all their vital properties. 

Eelation to Gaseous Environment. — The relation of bacteria 
to the oxygen of the air is such an important factor in the life 
of bacteria that it enables a biological division to be made among 
them. Some bacteria will only live and grow when oxygen is 
present. To these the title of obligatory aerobes is given. Other 
bad;eria will only grow when no oxygen is present. These are 
2 
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oaiiea oomjgawry armerooeB. In still other bacteria the pr^^nce 
or absence of oxygen is a matter of indifference. This group 
might theoretically be divided into those which are, preferably 
aerobes, but can be anaerobes, and those which are preferably 
anaerobes, but can be aerobes. As a matter of fact such 
differences are manifested to a slight degree, but all such 
organisms are usually grow^ted facultative anaerobes^ i.e. pre- 
ferably aerobic but capable of existing without oxygen. Examples 
of obligatory aerobes are b. proteus vulgaris, b. subtilis ; of 
obligatory anaerobes, b. tetani, b. oedematis maligni, while the 
great majority of pathogenic bacteria are facultative anaerobes. 
With regard to anaerobes, hydrogen and nitrogen are indifferent 
gases. Many anaerobes, however, do not flourish well in an 
atmosphere of carbon dioxide. Very few experiments have 
been made to investigate the action on bacteria of gas under 
pressure. A great pressure of carbon dioxide is said to make 
the b. anthracis lose its power of sporing, but it seems to have 
no effect on its vitality or on that of the b. typhosus. With 
the bacillus pyocyaneus, however, it is said to destroy life. 

Temperature. — For every species of bacterium there is a 
temperature at which it grows best. This is called the “ optimum 
temperature.” There is also in each case a maximum tempera- 
ture above which growth does not take place, and a minimum 
temperature below which growth does not take place. As a 
general rule the optimum temperature is about the temperature 
of the natural habitat of the organism. For organisms taking 
part in the ordinary processes of putrefaction tlie temperature of 
warm summer weather (20° to 24° C.) may be taken as the 
average optimum, while for organisms normally inhabiting animal 
tissues 35° to 39° C is a fair average. The lowest limit of 
ordinary growth is from 12° to 14° C., and the upper is from 
42° to 44° C. In exceptional cases growth may take place as 
low as 5° C., and as high as 70° C. Some organisms which 
grow best at a temperature of from 60° to 70° C. have been, 
isolated from dung, the intestinal tract, etc. These have been 
called thermophilic bacteria. It is to be noted that while growth 
does not take place below or above a certain limit it by 
no means follows that death takes place outside such limits. 
Organisms can resist cooling below their minimum or heating 
beyond their maximum without being killed. Their vital activity 
is merely paralysed. Especially is this true of the effect of cold 
on bacteria. The results of different observers,, vary ; b^ut if w^e 
take as an example the f holera vibrio, Koch found that while 
the minimum temperature of growth was 16° C., a culture might 
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be celled to -32^0. without being killed. With regard to the 
upper limit, few ordinary organisms in a spore-free condition will 
survive a temperature of 57“ C., if long enough applied. Many . 
organisms lose some of their properties when grown at unnatural 
temperatures. Thus many pathogenic organisms lose their 
virulence if grown above their optimum temperature, and some 
chromogenic forms, most of which prefer rather low tempera- 
tures, lose their capacity of producing pigment, e,g. spirillum 
rubrum. 

Effect of Light. — Of recent years much attention has been 
paid to this factor in the life of bacteria. Direct sunlight is 
found to have a very inimical effect. It has been found that 
an exposure of dry anthrax spores for one and a half hours to 
sunlight kills them. When they are moist, a much longer 
exposure is necessary. Typhoid bacilli are killed in about 
one and a half hours, and similar results have been obtained 
with many other organisms. In such experiments the thickness 
of the medium surrounding the growth is an important point. 
Death takes place more readily if the medium is scanty or if the 
organisms are suspended in water. Any fallacy which might 
arise from the effect of the heat rays of the sun has been ex- 
cluded, though light plus heat is more fatal than light alone. 
In direct sunlight it is chiefly the green, violet, and, it may be, 
the ultra-violet rays which are fatal. Diffuse daylight has also a 
bad effect upon bacteria, though it takes a much longer exposure 
to do serious harm. A powerful electric light is as fatal as sun- 
light. Here, as with other factors, the results vary very much 
with the species under observation, and a distinction must be 
drawn between a mere cessation of growth and the condition of 
actual death. Some bacteria especially occurring on the ,dead 
bodies of fresh fish are phosphorescent. 

Conditions affecting the Movements of Bacteria.— -In some 
cases differences are observed in the behaviour of motile bacteria, 
.contemporaneous with changes in their life history. Thus, in 
the case of bacillus subtilis, movement ceases when sporulation 
is about to take place. On the other hand, in the bacillus of 
symptomatic anthrax, movement continues while sporulation is 
progressing. Under ordinary circumstances motile bacteria 
appear not to be constantly moving but occasionally to rest. 
In every case the movements become more active if the 
temperature be raised. Most interest, however, attaches to the 
fact that bacilli may be attracted to certain substances and 
^repelled by others, ^henk, for instance, observed that motile 
bacteria were attracted to a warm point in a way which did not 
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occur when the bacteria were dead and therefore only subject 
to physical conditions. Most important observations have been 
made on the attraction and repulsion exercised on bacteria by 
chemical agents, which have . been denominated respectively 
positive and negative chemiotaxis. Pfeifer investigated this 
subject in many lowly organisms, including bacterium termo 
and spirillum undiila. The method was to ftil with the agent 
a fine capillary tube, closed at one end, to introduce this into a 
drop of fluid containing the bacteria under a cover-glass, and 
to watch the effect through the microscope. The general result 
was to indicate that motile bacteria may be either attracted or 
repelled by the fluid in the tube. The effect of a given fluid 
differs in different organisms, and a fluid chemiotactic for one 
organism may not act on another. Degree of concentration is 
important, but the nature of the fluid is more so. Of inorganic 
bodies salts of potassium are the most powerfully attracting 
bodies, and in comparing organic bodies the important factor 
is the molecular constitution. These observations have been 
confirmed by Ali-Cohen, who found that while the vibrio of 
cholera and the typhoid bacillus wore scarcely attracted by 
chloride of potassium, they were powerfully influenced by 
potato juice. Further, the filtered products of the growth of 
many bacteria have been found to have powerful chemiotactic 
properties. It is evident that all these observations have a 
most important l)earing on the action of bacteria, though we do 
not yet know their true significance. Corresponding chemio- 
tactic phenomena are shown also by certain animal cells, e,g. 
leucocytes, to which reference is made below. 

The Parts played by Bacteria in Nature. — As has been said, 
the chief effect of l)acterial action in nature is to break up into 
more simple combinations the complex molecules of the organic 
substances which form the bodies of plants and animals, or 
which are excreted by them. In some cases we know some of 
the stages of disintegration, but in most cases we know only 
general principles and sometimes only results. In the case of 
milk, for instance, we know^ that lactic acid is produced from 
the lactose by the action of the bacillus acidi lactici and of 
other bacteria, and that from urea ammonium carbonate 
is produced by the micrococcus ureae. That the very compli- 
cated process of putrefaction is due to bacteria is absolutely 
proved, for any organic substance can be preserved indefinitely 
from ordinary putrefaction by the adoption of some method of 
killing all bacteria present in it, as will be afterwards described.. 
This statement, however, does not exclude the fact that molecular 
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changes take place spontaneously in the passing of the organic 
body from life to death. Many processes not usually referred to 
as putrefactive are also bacterial in their origin. The souring 
of milk, already referred to, the becoming rancid of butter, the 
ripening of cream and of cheese, are all due to bacteria. 

A certain comparatively small number of bacteria have been 
proved to be the causal agents in some disease processes 
occurring in man, animals, and plants. This means that the 
fluids and tissues of living bodies are, under certain circum- 
stances, a suitable pabulum for the bacteria involved. The 
effects of the action of these bacteria are analogous to those 
taking place in the action of the same or other bacteria on dead 
animal or vegetable matter. The complex organic molecules 
are broken up into simpler products. We sliall study these 
processes more in detail later. Meantime we may note that 
the disease -producing eflects of bacteria form the basis of 
another biological division of the group. Some bacteria are 
harmless to animals and plants, and apparently under no 
circumstances give rise to disease in either. These are known 
as saprophytes. They are normally engaged in breaking up 
dead animal and vegetable matter. Others normally live on 
or in the bodies of plants and- animals and i)roduce disease. 
These are known as parasitic bacteria. Sometimes an attempt 
is made to draw a hard and fast line between the mprophytes 
and the parasites, and obligatory saprophytes or parasites are 
spoken of. This is an erroneous distinction. Some bacteria 
which are normally saprophytes can produce pathogenic effects 
{e,g. bacillus oedernatis maligni), and it is consistent with our 
knowledge that the best-known parasites may have been derived 
from saprophytes. On the other hand, the fact that most 
bacteria associated with disease processes, and proved to be 
the cause of the latter, can be grown in artificial media, shows 
that for a time at least such parasites can be saprophytic. As 
to how far such a saprophytic existence of disease-producing 
bacteria occurs in nature, we are in many instances still ignorant. 

The Methods of Bacterial Action. — The processes which 
bodies undergo in being split up by bacteria depend, first, on 
the chemical nature of the bodies involved and, secondly, on the 
varieties of the bacteria which are acting. The destruction of 
albuminous bodies which is mostly involved in the wide and 
varied process of putrefaction can be undertaken by whole 
groups of different varieties of bacteria. The action of the 
latter on such substances is analogous to what takes place when 
albumins are subjected to ordinary gastric and intestinal digestion. 
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In these -circumstances, therefore, the production of albumoses, 
peptones, etc., similar to those of ordinary digestion, can be 
recognised in putrefying solutions, though the process of destruc- 
tion always goes further, and still simpler substances, e.p'. indol, 
and, it may be, crystalline bodies of an alkaloidal nature, are 
the ultimate results. The process is an exceedingly complicated 
one when it takes place in nature, and different bacteria are 
probably concerned in the different stages. Many other bacteria, 
some pathogenic forms, though not concerned in ordinary 
putrefactive processes, have a similar digestive capacity. When 
carbohydrates are being split up, then various alcohols, ethers, 
and acids are produced. During bacterial growth there is 
not infrequently the abundant production of such gases as 
sulphuretted hydrogen, carbon dioxide, methane, etc. For an 
exact knowledge of the destructive capacities of any particular 
bacterium there must be an accurate chemical examination of its 
effects when it has been grown in artificial media the. nature of 
which is known. The precise substances it is capable of forming 
can thus be found out. Many substances, however, are produced 
by bacteria, of the exact nature of which we are still ignorant, 
for example, the toxic bodies which play such an important part 
in the action of many pathogenic species. 

Many of the actions of bacteria depend on the production by 
them of ferrmnU of a very varied nature and complicated action. 
Thus the digestive action on albumins probably depends on the 
production of a peptic ferment analogous to that produced in 
the animal stomach. Ferments which invert sugar, which split 
sugars up into alcohols or acids, which coagulate casein, which 
split up urea into ammonium carbonate, also occur. 

Such ferments may be diffused into the surrounding fluid, or 
be retained in the cells where they are formed. Sometimes the 
breaking down of the organic matter appears to take place 
within, or in the immediate proximity of, the bacteria, sometimes 
wherever the soluble ferments reach the organic substances. 
And in certain cases the ferments diffused out into the sur- 
rounding medium probably break down the constituents of 
the latter to some extent, and prepare them for a further, 
probably intracellular, disintegration. Thus in certain putre- 
factions of fibrin, if the process be allowed to go on naturally, 
the fibrin dissolves and ultimately great gaseous evolution 
of carbon dioxide and ammonia takes place, but if the 
bacteria, shortly after the process has begun, are killed or 
paralysed by chloroform, then only a peptonisation of the 
fibrin, occurs, without the further splitting up and gaseous pro- 
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duction being observed. That a purely intracellular digestion 
may take place is illustrated by what has been shown to occur 
in the case of the micrococcus ureae, which from urea forms 
ammonium carbonate by adding water to the urea molecule. 
Here, if after the action has commenced, the bacteria are filtered 
off, no further production of ammonium carbonate takes place, 
which shows that no ferment has been dissolved out into the 
urine. If now the bodies of the bacteria be extracted with 
absolute alcohol or ether, which of course destroy their vitality, 
a substance is obtained of the nature of a ferment, which, when 
added to sterile urine, rapidly causes the production of ammonium 
carbonate. This ferment has evidently been contained within 
the bacterial cells. 

In considering the effects of bacteria in nature it must be recognised 
.that some species are capable of building up complex substances out of 
simple chemical compounds. Examples of these are found in the 
bacteria which in the soil make nitrogen more available for plant nutri- 
tion by converting ammonia into nitrites and nitrates. Wiuogradski, by 
using media containing non*nitrogenous salts of magnesium, potassium, 
and amraoniurn, and free of organic matter, has demonstrated the 
existence of forms which convert, by oxidation, ammonia into nitrites, 
and of other forms which convert these nitrites into nitrates. Both can 
derive their necessary carbon from alkaline carbonates. Other bacteria, 
or organisms allied to the bacteria, exist which can actually take up and 
combine into new compounds the free nitrogen of the air. These are 
found in the tubercles which develop on the rootlets of the leguminosae. 
Without such organisms the tubercles do not develop, and without the 
development of the tubercles the plants are poor and stunted. Bacteria 
thus play an important part in the enrichment and fertilisation of the 
soil. 

The Occurrence of Variability among Bacteria.— The question of the 
division of the group of bacteria into definite species has given rise to 
much discussion among vegetable and animal morphologists, and at 
one time very divergent views were held. Some even thought that the 
same species might at one time give rise to one disease, — at another 
time to another. There is, however, now practical unanimity that 
bacteria show as distinct species as the other lower plants and animals, 
though, of course, the difficulty of defining the concept of a species is as 
great in them as it is in the latter. Still, we can say tliat among the 
bacteria we see exhibited (to use the words of De Bary) “the same 
periodically repeated course of development within certain empirically 
determined limits of variation ” which justifies, among higher forms of 
life, a species to be recognised. What at first raised doubts as to the 
occurrence of species among the bacteria was the observation in certain 
cases of what is known as pleomorphism. By this is meant that one 
species may assume at dilferent times different forms, e.g, appear as a 
coccus, a bacillus, or a leptothrix. Undoubtedly, many of the cases 
where this was alleged to have been observed occurred before the 
elaboration of the modern technique for the obtaining of pure cultures, 
but at the present day there are cases where evidence appears to exist 
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of the occurrence of pleomorphism. This is especially the case with 
certain baOilli, and it may lead to such forms being classed among the 
higher bacteria. Pleomorphism is, however, a rare condition, and with 
regard to the bacteria as a whole we may say that each variety tends to 
contorrn to a definite tyj^e of structure and function which is peculiar to 
it and to it alone. On the other hand, slight variations from such type 
can occur in each. The size may vary a little with the medium in 
which the orgaiiisni is growing, and under certain similar conditions the 
adhesion of bacteria to each other may also vary. Thus cocci, which are 
ordinarily seen in short chains, may grow in long chains. Tiie capacity 
to form spores may be altered, and such properties as the elaboration 
of certain fernients or of certain jugments may be imj)aired. Also the 
characters of the growths on various media may undergo variations. 
As has been remarked, variation as observed consists largely in a tendency 
in a bacterium to lose properties ordinarily possessed, and all attempts 
to transform one bacterium into an apparently closely allied vaiiety 
(such as the b. coli into the b. typhosus) have failed. This of course 
does not preclude the possibility of one species having been originally 
derived From another or of both having descended irom a common 
ancestor, but we can say that only variations of an unimportant order 
have been observed to take place, and hero it must be remembered that 
in rnany cases we can have forty-eight or more generations under obser- 
vation within twenty- four hours. 



CHAPTER II. 

METHODS OF CULTIVATION OF BACTERIA. 

Introductory. — In order to study the characters of any species 
of bacterium it is necessary to have it growing a|)art from every 
other species. In the great majority of (‘ases wliere bacteria 
occur in nature, this condition is not fulfilled. Only in the 
blood and tissues in some diseases do particular species occur 
singly and alone. We usually have, therefore, to remove a 
bacterium from its natural surroundings and grow it on an 
artificial food medium. When we have succeeded in separating 
it, and have got it to grow on a medium which suits it, we are 
said to have obtained a pure culture. The recognition of 
different species of bacteria depends, in fact, far more on the 
characters presented by pure cultures and their behaviour in 
different food media, than on microscopic examination. The 
latter in most cases only enables us to refer a given bacterium 
to its class. Again, in inquiring as to the possible possession 
of pathogenic properties by a bacterium, the obtaining of pure 
cultures is absolutely essential. 

To obtain pure cultures, then, is the first requisite of 
bacteriological research. Now, as bacteria are practically 
omnipresent, ’we must first of all have means of destroying all 
extraneous organisms which may be }>resent in the food media 
to be used in the vessels in which the food media are contained, 
and on all instruments which are to come in contact with our 
cultures. The technique of this destructive process is called 
sterilisation. We must therefore study the niethods of stmlisation. 
The growth of bacteria in other than their natural surroundings 
involves further the preparation of sterile artificial food mediae 
and when we have such media prepared we have still to look at 
the technique of the separatim of micro-organisms from mixtures 
of these^ and the maintaining of pure cultures when the latter 
have been obtained. We shall here find that different methods 
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are necessary according as we are dealing with aerobes or anaerobes. 
Each of these methods will be considered in turn. 


The Methods of Sterilisation. 

To exclude extraneous organisms, all food materials, ' glass 
vessels containing them, wires used in transferring bacteria from 
one culture medium to another, instruments used in making 
autopsies, etc., must be sterilised. These objects being so 
different, various methods are necessary, but underlying these 
methods is the general principle that all bacteria are destroyed 
by heat. The temperature necessary varies with different 
bacteria, and the vehicle of heat is also of great importance. 
The two vehicles emj)loyed are hot air and hot water or steam. 
The former is usually referred to as, “ dry heat,'^ the latter as 
“moist heat.” As showing the different effects of the two 
vehicles, Koch found, for instance, that the spores of bacillus 
anthracis, which were killed by moist heat at 100“ C., in one 
hour, required three hours’ dry heat at 140° C. to effect death. 
Both forms of heat may be applied at different temperatures — 
in the case of moist heat above 100° C., a pressure higher than 
that of the atmosphere must of course be present. 


A. Sterilisation by Dry Heat. 

A. (1) Red Heat or Dull Red Heat. — Red heat is used for 
the sterilisation of the platinum needles which, it will be found, 
are so constantly in use. A dull heat is used for cauteries, the 
points of forceps, and may be used for the incidental sterilisation 
of small glass objects (cover-slips, slides, occasionally when 
necessary even test-tubes), care of course being taken not to 
melt the glass. The heat is obtained by an ordinary Bunsen 
burner. 

A. (2) Sterilisation by Dry Heat in a Hot-Air Chamber.-— 

The chamber (Fig. 2) consists of an outer and inner case of 
sheet iron. In the bottom of the outer there is a large hole. 
A Bunsen is lit beneath this, and thus plays on the bottom of 
the inner case, round all of the sides of which the hot air rises 
and escapes through holes in the top of the outer case. A 
thermometer passes down into the interior of the chamber, half- 
way up which its bulb should be situated. It is found as a 
matter of experience, that an exposure in such a chamber for 
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one hour to a temperature of 170° C., is sufficient to kill all the 
organisms which usually pollute 
articles in a bacteriological 
laboratory, though circum- 
stances might arise where this 
would be insufficient. This 
means of sterilisation is used 
for the glass flasks, test-tubes, 
plates, Petri’s dishes, the use of 
which will be described. Such 
pieces of apparatus are thus 
obtained sterile and dry. It is 
advisable to put glass vessels 
into the chamber before heat- 
ing it, and to allow them to 
stand in it after sterilisation 
till the temperature falls. Sud- 
den heating or cooling is apt 
to cause glass to crack. The 

method is manifestly unsuitable 2.-Hot-air sterilteer. 

for food media. 

B. Sterilisation hy Moist Heat. 



B. (1) By Boiling. — The boiling of a liquid for five minutes 



Fia. 3. — Koch’s steam 
steriliser. 


is sufficient to kill ordinary germs if no 
spores be present, and this method is useful 
for sterilising distilled or tap water which 
may be recjuired in various manipulations. 
It is best to sterilise knives and instruments 
used in autopsies by boiling in water to 
which a little sodium carbonate has been 
added to prevent rusting. Twenty minutes’ 
boiling will here be sufficient. The boiling 
of any fluid at 100° C. for one and a half 
hours will ensure sterilisation under almost 
any circumstances. 

B. (2) By Steam at 100“ 0. — This is by 
far the most useful means of sterilisation. 
It may be accomplished in an ordinary 
potato steamer placed on a kitchen pot. 
The apparatus ordinarily used is ‘‘Koch’s 
steam steriliser” (Fig. 3). This consists 
of a tall metal cylinder on legs, provided 
with a lid, and covered externally by 
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some bad conductor of heat, such as felt or asbestos, A 
perforated tin diaphragm is fitted in the interior at a little 
distance above the bottom, and there is a tap at the bottom 
by which water may be supplied or withdrawn. If water 
to the depth of 3 inches be placed in the interior and heat 
applied, it will quickly boil, and the steam streaming up will 
surround any flask or other object standing on the diaphragm. 
Here no evaporation takes place from any medium as it is 
surrounded during sterilisation by an atmosphere saturated with 
water vapour. It is convenient to have the cylinder tall enough 
to hold a litre flask with a funnel 7 inches in diameter standing 
in its neck. The funnel may be supported by passing its tube 
through a second perforated diaphragm placed in the upper part 
of the steam chamber. With such a Koch ” in the laboratory 
a hot-water filter is not needed. As has been said, one and a 
half hour’s steaming will sterilise any medium, but in the case 
of media containing gelatin such an exposure is not practic- 
able, as with long boiling, gelatin tends to lose its physical 
property of solidification. The method adopted in this case 
is to steam for a quarter of an hour on each of three succeeding 
4ays. 


This is a moditioation of what is known as “Tyndall’s intermittent 
sterilisation.” The fundamental principle of this method is tliat all 
bacteria in a non-spored form are killed by the temperature of boiling 
water, while if in a si)ored form they may not be thus killed. Thus by 
the sterilisation on the first day all the non-spored forms are destroyed— 
the spores remaining alive. During the twenty-four hours which 
intervene before the next heating, these spores, being in a favourable 
medium, are likely to assume the non-spored form. The next heating 
kills these. In case any may still not have changed their spored form, 
the process is repeated on a third day. Experience shows that usually 
the medium can now be kept indefinitely in a sterile condition. 

Steam at lOO^' C. is therefore available for the sterilisation of 
all ordinary media. In using the Koch’s steriliser, especially 
when a large bulk of medium is to be sterilised, it is best to 
put the media in while the apparatus is cold, in order to make 
certain that the whole of the food mass reaches the temperature 
of 100“ C. The period of exposure is reckoned from the time 
boiling commences in the water in the steriliser. At any rate 
allowance must always be made for the time required to raise 
the temperature of the medium to that of the steam surrounding it. 

If we wish to use such a substance as blood serum as a 
medium, the albumin would be coagulated by a temperature of 
100“ C. Therefore other means have to be adopted in this case. 
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B. (3) Sterilisation by Steam at High Pressiure.— This is 
the most ra,pid and effective means of sterilisation. It is effected 
in an autoclave (Fig. 4). This is a gun-metal cylinder supported 
in a cylindrical sheet-iron case ; its top is fastened down with 
screws and nuts and is furnished with a safety valve, pressure- 
gauge, and a hole for thermometer. As in the Koch’s steriliser; 
the contents are supported on a perforated 
source of heat is a large Bunsen beneath, 
employed is usually 115" C. or 120" C. 

To boil at 115" C., water requires a pres- 
sure of about 23 lbs. to the square inch (?'.<?. 

8 lbs. plus the 15 lbs. of ordinary atmo- 
spheric pressure). To boil at 120° C., a 
pressure of about 30 lbs. {i.e, 15 lbs. phis 
the usual pressure) is necessary. In such an 
apparatus the desired temperature is main- 
tained by adjusting the safety valve so as 
to blow off at the corresponding pressure. 

One exposure of media to such temperatures 
for a quarter of an hour is amply sufficient 
to kill all organisms or spores. Here, again, 
care must be taken when gelatin is to be 
sterilised. It must not be exposed to a 
temperature above 105° C., and is best 
sterilised by the intermittent method. Cer- 
tain precautions are necessary in using the 
autoclave. In all cases it is necessary to 
allow the apparatus to cool well below 1 00° 

C., before opening it or allowing steam to 
blow off, otherwise there will be a sudden 
development of steam when the pressure is removed, and fluid 
media will be blown out of the flasks. Sometimes the instrument 
is not fitted with a thermometer. In this case care must be 
taken to expel all the air initially present, otherwise a mixture 
of air and steam being present, the j)re8sure read off the gauge 
cannot be accepted as an indication of the temperature. Further, 
care must be taken to ensure the presence of a residuum of 
water when steam is fully up, otherwise the steam is super- 
heated, and the pressure on the gauge again does not indicate 
the temperature correctly. 

B. (4) Sterilisation at Low Temperatures.— Most organisms 
in a non-spored form are killed by a prolonged exposure to a 
temperature of 57° C. This fact has been taken advantage of for 
the sterilisation of blood serum,, which will coagulate if exposed to a 


diaphragm.*' The 
The temperature 



Fig. 4.— Autoclave. 

a. Safety-valve. 
h. Bio w-otr pipe. 
c. Ganf<e. 
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Fig. 5. — Steriliser for hlood 
serum. 


temperature above that point. Such a 
medium is sterilised on Tyndall’s prin- 
ciple by exposing it for an hour at 57" 
C. for eight consecutive days, it being 
allowed to cool in the interval to the 
room temperature. The apparatus shown 
in Fig. 5 is a small hot-water jacket 
heated by a Bunsen placed beneath 
it, the temperature being controlled 
by a gas regulator. To ensure that 
the temperature all around shall be 
the same, the lid also is hollow and 
tilled with water, and there is a special 
gas burner at the side to heat it. 
This is the form originally used, but 
serum sterilisers are now constructed 
in which the test-tubes are placed in 
the sloped position, and in which 
inspissation (vide p. 40) can after- 
wards be performed at a higher 
temperature. 


The Pueparation of Culture Media. 

The general principle to be observed in the artificial culture 
of bacteria is that the medium used should approximate as 
closely as possible to that on which the bacterium grows naturally. 
In the case of pathogenic bacteria the medium therefore should 
resemble the juices of the body. The serum of the blood 
satisfies this condition and is often used, but its application is 
limited by the difficulties in its preparation and preservation. 
Other media have been found which can support the life of all 
the pathogenic bacteria isolated. These consist of proteids or 
carbohydrates in a fluid, semi-solid, or solid form, in a trans- 
parent or opaque condition. The advantage of having a variety 
of media lies in the fact that growth characters on particular 
media, non-growth on some and growth on others, etc., constitute 
specific differences which are valuable in the identification of 
bacteria. The most commonly used media have as their basis 
a watery extract of meat. Most bacteria in growing in such an 
extract cause only a grey turbidity. A great advance resulted 
when Koch, by adding to it gelatin, provided a transparent solid 
medium in which growth characteristics of particular bacteria 
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become evident. Many organisms, however, grow best at a 
temperature at wbieb this nutrient gelatin is fluid, and there- 
fore another gelatinous substance called agar, which does not 
melt below 98“ C., was substituted. Bouillon made from meat 
extract, gelatin, and agar media, and the modifications of 
these, constitute the chief materials in which bacteria are 
grown. 


Preparation of Meat Extract, 

The flesh of the ox, calf, or horse is usually employed. 
Horse-flesh has the advantage of being cheaper and containing 
less fat than the others ; though generally quite suitable, it has 
the disadvantage for certain purposes of containing a larger 
proportion of fermentable sugar. The 
flesh must be freed from fat, and finely 
minced. To a pound of mince add 1000 
c.c. distilled water, and mix thoroughly 
in a shallow dish. Set aside in a cool 
place for twenty-four hours. Skim off 
any fat present, removing the last traces 
by stroking the surface of the fluid with 
pieces of filter paper. Place a clean linen 
cloth over the mouth of a large filter 
funnel, and strain the fluid through it 
into a flask. Pour the minced meat into 
the cloth, and gathering uj) the edges 
of the latter in the left hand, squeeze 
out the juice still held back in the con- 
tained meat. Finish this expression by putting the cloth and its 
contents into a meat press (Fig. 6), similar to that used by 
pharmacists in preparing extracts; thus squeeze out the last drops. 
The resulting sanguineous fluid contains the soluble albumins of 
the meat, the soluble salts, extractives, and colouring matter, 
chiefly haemoglobin. It is now boiled thoroughly for two hours, 
by which process the albumins coagulable by heat are coagulated. 
Strain now through a clean cloth, boil for another half hour, and 
filter through white Swedish filter paper (best, C. Schleicher u. 
Schull, No. 595). Makeup to 1000 c.c. with distilled water. 
The resulting fluid ought to be quite transparent, of a yellowish 
colour without any red tint. If there is any redness, the fluid 
must be reboiled and filtered till this colour disappears, other- 
wise in the later stages it will become opalescent. A large 
quantity of the extract may be made at a time, and what is not 
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imttiediately required is put into a large flask, the neck plugged 
with cotton wool, and the whole sterilised by methods B 
(2) or (3). . This extract contains very little albuminous matter, 
and consists chiefly of the soluble salts of the muscle, certain 
extractives, and altered colouring matters, along with any slight 
traces of soluble proteid not coagulated by heat. It is of acid 
reaction. We have now to see how, by the addition of proteid 
and other matter, it may be transformed into proper culture 
media. 

1. Bouillon Media. — These consist of meat extract with the 
addition of certain substances to render them suitable for the 
growth of bacteria. 

(1) (a). Peptone Broth or Bouillon. — This has the com- 
position : — 

Meat extract .... 1000 c.c. 

Sodium chloride . . . 5 grins. 

Peptone albumin . . . 10 „ 

Boil till the ingredients are quite dissolved, and neutralise 
with a saturated solution of sodium hydrate. Add the latter 
drop by drop, shaking thoroughly between each drop and testing 
the reaction by means of litmus paper. Go on till the reaction 
is slightly but distinctly alkaline. Neutralisation must be 
practised with great care, as under certain circumstances, 
depending on the relative proportions of the different phosphates 
of sodium and potassium, what is known as the amphoteric 
reaction is obtained, i.e. red litmus is turned l)lue, and blue red, 
by the same solution. The sodium hydrate must be added till 
red litmus is turned slightly but distinctly blue, and blue litmus 
is not at all tinted red. After alkalinisation, allow the fluid to 
become cold, filter through Swedish filter })aj)er into flasks, make 
up to original volume with distilled water, plug the flasks with 
cotton wool, and sterilise by methods B (2) or (3), (pp. 27, 29). 
This method of neutralisation is to be recommended for all 
ordinary work. 

In this medium the place of the original albumins of the meat is 
taken by peptone, a soluble proteid not coagulated by heat. Here it 
may be remarked that the commercial peptone albumin is not pure 
peptone, but a mixture of albumoses (see footnote, p. 16,5) with a variable 
. amount of pure peptone. The addition of the sodium chloride is 
necessitated by the fact that alkalinisation precipitates some of the 
phosphates and carbonates present. Experience has shown that sodium 
chloride can quite well be substituted. The reason for the alkalinisation 
is that it is found that most bacteria grow best on a medium slightly 
alkaline to litmus. Some, e.g. the cholera vibrio, will not grow at all 
on even a slightly acid medium. 
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Standardisation of Reaction of Media.— While the above 
procedure of dealing with the reaction of a medium is sufficient 
for ordinary work, it has been thought advisable to have a more 
exact method for making media to be used in growing organisms, 
the growth characteristics of which are to be described for 
systematic purposes. Such a method should also be used in 
studying the changes in reaction produced in a medium by the 
growth of bacteria. It, however, involves considerable difficulty, 
and should not be undertaken by the beginner. It entails the 
preparation of solutions of acid and alkali which may be used 
for determining the original reaction of the medium, and for 
accurately making it of a definite degree of alkalinity. Normal ^ 
and decinormal solutions of sodium hydrate and hydrochloric 
acid are used. 

Preparation of Standard Solutions. — The first requisites here are 
normal solutions of acid and alkali. The latter is prepared as follows : 
—85 grammes of pure sodium bicarbonate are heated to dull redness 
for ten minutes in a platinum vessel and allowed to cool in an exsiccator ; 
just over 54 grammes of sodium carbonate should now be present. Any 
excess is quickly removed, and the rest being dissolved in one litre of 
distilled water, a normal solution is obtained. A measured quantity is 
placed in a porcelain dish, and a few drops of a *5 per cent solution of 
phenol-phthalelne in neutral methylated spirit is added to act as indicator. 
The alkali produces in the latter a brilliant rose pink which, however, 
disappears on the least excess of acid being present. The mixture is 
boiled and a solution of hydrochloric acid of unknown strength is run 
into the dish from a burette till the colour goes and does not return 
after very thorough stirring. The strength of the acid can then be 
calculated, and a normal solution can be obtained. From these two 
solutions any strength of acid or alkali (such as the decinormal solution 
of NaOH mentioned below) may be derived. 

As Eyre has suggested, the reaction of a medium may be 
conveniently expressed by the sign + or - to indicate acid or 
alkaline respectively, and a number to indicate the number of 
cubic centimetres of normal acid or alkaline solution necessary 
to make a litre of the medium neutral to phenol-phthaleine. 
Thus, for example, “reaction = - 15,” will mean that the medium 
is alkaline, and requires 15 c.c. of normal HCl to make a litre 

^ A “normal” solution of any salt is prepared by dissolving an “equivalent” 
weight in grammes of that salt in a litre of distilled water. If the metal of 
the salt be monovalent, i.e. if it be replaceable in a compound by one atom 
of hydrogen (e.y. sodium), an equivalent is the molecular weight in 
grammes. In the case of NaCl, it would be 58*5 grammes (atomic weight of 
- Na = 23, of Cl = 35*5). If the metal be bivalent, ie. requiring two atoms of H 
for its replacement in a compound (e.ff. calcium), an equivalent is the 
molecular weight in grammes divided by two. Thus in the case of CaCh an 
equivalent would be 65*5 grammes (atomic weight of Ca=40, of C12—71). 

3 • 
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neutral. It has been found that when a medium such as bouillon 
reacts neutral to litmus, its reaction to phenol-phthaleine, accord- 
ing to the above standard, is on the average -1-25. Now as 
litmus was originally introduced by Koch, and as nearly all 
bacterial research has been done with media tested by litmus, 
it is evidently difficult to say exactly what precise degree of 
alkalinity is the optimum for bacterial growth. It is probably 
safe to say, however, that when a medium has been rendered 
neutral to phenol-phthaleine by the addition of NaOH, the 
optimum degree is generally attained by the addition of from 
10 to 15 c.c. of normal HOI per litre, i.e. the optimum reaction 
is -f 10 to -f 15. In other words, the optimum reaction for 
bacterial growth lies, as Fuller has pointed out, about midway 
between the neutral point indicated by phenol-phthaleine and 
the neutral point indicated by litmus. 

The only objection to the use of phenol-phthaleine is that its 
action is somewhat vitiated if free CO 2 be present. This can 
be completely obviated as follows. Before testing any medium 
it is boiled in the porcelain dish into which titration takes place. 
The soda solutions are best stored in bottles such as that shown 
in Fig. 44, having on the air inlet a little bottle filled with soda 
lime with tubes fitted as in the large one. The GO 2 of the air 
which passes through is thus removed. 

Method . — The following procedure includes most of the 
improvements introduced by Eyre. The medium with all its 
constituents dissolved is filtered and then heated for about 45 
minutes in the steamer, the maximum acidity being reached 
after this time. Of the warm medium take 25 c.c. and put in 
a porcelain dish, add 25 c.c. distilled water, and 1 c.c. phenol- 
phthaleine solution. Run in decinormal soda till neutral point 
is reached, indicated by the first trace of pink colour, the mixture 
being kept hot.^ Repeat process thrice, and take the mean ; 
this divided by 10 will give tlie amount [x) of normal soda 
required to neutralise 25 c.c. of medium ; then 40 a? = amount 
necessary to neutralise a litre; and 40 x-lO — amount of 
normal soda necessary to give a litre its optimum reaction. 
Then measure the amount of medium to be dealt with, and add 
the requisite amount of soda solution. 

^ The beginner may find considerable difficulty in recognising the first 
tint of pink in the yellow bouillon. A good way of getting over this is to 
take two samples of the medium, adding the indicator to one only ; then to 
run the soda into these from separate burettes ; for each few drops run into 
the medium containing the indicator the same amount is run into the other. 
Thus the recognition of the first permanent change in tint will be at once 
recognised by comparing the two lots of solution. 
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Eyre uses a soda solution of ten times normal strength, which 
is delivered out of a 1 c.c. pipette divided into hundredths ; this 
obviates, to a large extent, the error introduced by increasing 
the bulk of the medium on the addition of the neutralising 
solution. 

1 (b). Glucose Broth. — To the other constituents of 1 (a) 
there is added 1 or 2 per cent of grape sugar. The steps in the 
preparation are the same. Glucose being a reducing agent, 
no free oxygen can exist in a medium containing it, and there- 
fore glucose broth is used as a culture fluid for anaerobic 
organisms. 

1 (c). Glycerin Broth. — The initial steps are the same as in 
1 (a), but after f titration 6 to 8 per cent of glycerin (sp. grav. 1 *25) 
is added. This medium is especially used for growing the 
tubercle bacillus when the soluble products of the growth of the 
latter are required. 

2. Gelatin Media. — These are simply the above broths, with 
gelatin added as a solidifying body. 

2 (a). Peptone Gelatin : — 

Meat extract .... 1000 c.c. 

Sodium chloride .... 5 grms 

Pe3ptone albumin 10 „ 

Gelatin .... 100-150 .. 

(the “gold label” gelatin of Coignet et Cie, Paris, is the best). 
The gelatin is cut into small pieces, and added with the other 
constituents to the extract ; they are 
then thoroughly melted on a sand bath, 
or in the “ Koch.” The fluid medium 
is then rendered slightly alkaline, as 
in 1 (a), and filtered tliroiigh filter 
paper. As the medium must not be 
allowed to solidify during the process, 
it must be kept warm. This is eftected 
by putting the flask and funnel into a 
tall Koch’s steriliser, in which case 
the funnel must be supported on a 
tripod or diaphragm, as there is great 
danger of the neck of the flask breaking 
if it has to support the funnel and 
its contents. The filtration may also Fig. 7.~Hot-water funnel, 
be carried out in a funnel with water- 

jacket which is heated, as shown in Fig. 7. Whichever instrument 
be used, before filtering shake up the melted medium, as it is apt 
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while melting to have settled into layers of different density. 
Sometimes what first comes through is turbid. If so, replace it 
in the uiifiltered part : often the subsequent filtrate in such cir- 
cumstances is quite clear. A litre flask of the finished product 
ought to be quite transparent. If, however, it is partially opaque, 
add the white of an egg, shake up well, and boil thoroughly over 
the sand bath. The consequent coagulation of the albumin carries 
down the opalescent material, and on making up with distilled 
water to the original quantity and refiltering, it will be found to 
be clear. Tlie flask containing it is then plugged with cotton 
wool and sterilised, best by method B (2), p. 27. If the 
autoclave be used the temperature employed must not be above 
105° C., and exposure not more than a quarter of an hour on 
three successive days. Too much boiling, or boiling at too high 
a temperature, as has been said, causes a gelatin medium to 
lose its property of solidification. The exact percentage of 
gelatin used in its preparation de})ends on the temperature at 
which growth is to take place. Its firmness is its most valuable 
characteristic, and to .maintain this in summer weather, 15 parts 
per 100 are necessary. A limit is placed on higher percentages 
by the fact that, if tlie gelatin be too stiff, it will split on the 
perforation of its substance by the platinum needle used in 
inoculating it with a bacterial growth ; 15 per cent gelatin melts 
at about 24° C. 

2 (6). Glucose Gelatin. — The constituents are the same as 
2 (a), with the addition of 1 to 2 per cent of grape sugar. The 
method of pre|)aration is identical. This medium is used for 
growing anaerobic organisms at the ordinary temperatures. 

3. Agar Media (French, “g^lose "),~-The disadvantage of 
gelatin is that at the blood temperature (38° C.), at which most 
pathogenic organisms grow best, it is liquid. To get a medium 
which will be solid at this temperature, agar is used as the 
stiffening agent instead of gelatin. Unlike the latter, which is 
a proteid, agar is a carbohydrate. It is derived from the stems of 
various sea-weeds growing in the Chinese seas, popularly classed 
together as “ Ceylon Moss.” For bacteriological purposes the dried 
stems of the seaweed may be used, but there is in the market a 
purified product in the foi’in of a powder ; this is preferable. 

3 {a), “ Ordinary ” Agar. — This has the following composi- 
tion : — 

Meat extract 1000 c.c. 

Sodium chloride .... 5 grms. 

Peptone albumin . . . . 10 „ 

Agar 15 „ 
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Cut up the agar into very fine fragments (in fact till it is as 
nearly as possible dust), add to the meat extract with the other 
ingredients, and preferably allow to stand all night. Then boil 
gently in a water bath for two or three hours, till the agar is 
thoroughly melted. The process of melting may be hastened 
by boiling the medium in a sand bath and passing through it a 
stream of steam generated in another flask; the steam is led 
from the second flask by a bent glass tube ])assing from just 
beneath the cork to beneath the surface of the medium (Eyre). 
After melting render slightly alkaline with sodium hydrate 
solution, make up to original volume with distilled water, and 
filter. Filtration here is a very slow process and is best carried 
out in a tall Koch’s steriliser. In doing this, it is well to put a 
glass plate over tlie filter funnel to prevent condensation water 
from dropping off the roof of the steriliser into the medium. If 
a slight degree of turbidity may be tolerated, it is sufficient to 
filter through a felt bag or jelly strainer. Plug the flask con- 
taining the filtrate, and sterilise either in autoclave for fifteen 
minutes or in Koch’s steriliser for one and a half hours. Agar 
melts just below 100" C., and on cooling solidifies about 39° C. 

3 (6). Glycerin Agar. — To 3 (a) after filtration add 6 to 8 
per cent of glycerin and sterilise as above. This is used 
especially for growing the tubercle bacillus. 

3 (c). Glucose Agar. — Prepare as in 3 (a), but add 1 to 2 
per cent of grape sugar along with agar. Tliis medium is used 
for the culture of anaerobic organisms at temperatures above the 
melting-point of gelatin. It is also a superior culture medium 
for some aerobes, e.g. the b. diphtherije. 

These l)ouillon, gelatin, and agar [reparations constitute 
the most frequently used media. Growths in bouillon do not 
usually show any characteristic a[)pearances which facilitate 
classification, but such a medium is of great use in investigating 
the soluble toxic products of bacteria. The most characteristic 
developments of organisms take place on the gelatin media. 
These have, however, the disadvantage of not being available 
when growth is to take place at any temperature above 24° C. 
For higher temperatures agar must be employed. Agar is, how- 
ever, never so transparent. Though quite clear when fluid, on 
solidifying it always becomes slightly opaque. Further, growths 
upon it are never so characteristic as those on gelatin. It is, 
for instance, never liquefied, whereas some organisms, by their 
growth, liquefy gelatin and others do not — a fact of prime 
importance. 

Litmus Media.— To any of the above media litmus (French, 
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tournesol) may be added to show change in reaction during 
bacterial growth. The litmus is added, before sterilisation, as 
a strong watery solution {e,<j. the Kubel-Tiemann solution, vide 
p. 42) in sufficient quantity to give the medium a distinctly 
bluish tint. During the development of an acid reaction the 
colour changes to a pink and may subsequently be discharged. 

Use of neutral red . — This dye has been introduced as an aid 
in determining the presence or absence of members of the b. coli 
group, especially in the examination of water. The media found 
most suitable arc agar or bouillon containing '5 per cent of 
glucose, to which ’5 per cent of a one per cent watery solution 
of neutral red is added. The use of these media and their 
probable value are described below {vide Typhoid Fever). 

Blood Agar : Serum Agar.— The former medium was intro- 
duced by Pfeiffer for growing the influenza bacillus, and it 
has been used for the organisms which are not easily grown on 
the ordinary media, e.g. the gonococcus and the pneumococcus. 
Human blood or the blood of animals may l)e used. “ Sloped 
tubes ” {vide p. 48) of agar are employed (glycerin agar is not so 
suitable). Purify a finger first with 1-1000 corrosive sublimate, 
dry, and then wasli with absolute alcohol to remove the sublimate. 
Allow the alcohol to evai)orate. Prick with a needle sterilised 
by heat, and, catching a drop of blood in the loop of a sterile 
platinum wire {;vide p. 49), smear it on the surface of the agar. 
The excess of the blood runs down and leaves a film on the 
surface. Cover the tubes with india-rubber caps, and incubate 
them for one or two days at 38'’ C. before use, to make certain 
that they are sterile. Agar |>oured out in a thin layer in a 
Petri dish may be smeared with blood in the same way and 
used for cultures. A medium composed of one part of fresh 
blood (drawn aseptically) and two parts of fluid agar at 40° C., 
has been used for the cultivation of the bacillus of soft sore. 

Serum agar is prepared in a similar way by smearing the 
surface of the agar with blood serum, or by adding a few drops 
of serum to the tube and then allowing it to flow over the 
surface. 

Peptone Solution, 

A simple solution of peptone (Witte) constitutes a suitable 
culture medium for many bacteria. The peptone in the propor- 
tion of 1 to 2 per cent, along with *5 per cent NaCl, is dissolved 
in distilled water by heating. The fluid is then filtered, placed 
in tubes and sterilised. The reaction is usually distinctly 
alkaline, which condition is suitable for most purposes. For 
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special purposes the reaction may be standardised. In such a 
solution the cholera vibrio grows with remarkable rapidity. It 
is also much used for testing the formation of indol by “a, 
particular bacterium ; and by the addition of one of the sugars 
to it the fermentative powers of an organism may be tested 
(p. 75). Litmus may be added to show any change in reaction. 

Blood Serum. 

Koch introduced this medium, and it is prepared as follows ; 
Plug the mouth of a tall cylindrical glass vessel (say of 1000 c.c. 
capacity) with cotton wool, and sterilise by steaming it in a 
Koch’s steriliser for one and a half hours. Take it to the place 
where a horse, ox, or sheep is to be killed. When the artery 
or vein of the animal is opened, allow the first blood which 
flows, and which may be contaminated from the hair, etc., to 
escape ; fill the vessel with the blood subsecpiently shed. Carry 
carefully back to the laboratory without shaking, and place for 
twenty-four hours in a cool place, |)referal)ly an ice chest. The 
clear serum will separate from the clotted blood. If a centrifuge 
is available, a large yield of scrum may be obtained by centri- 
fugalising the freshly drawm blood. If coagulation has occurred, 
the clot must first be thoroughly broken up. With a sterile 10 
c.c. pipette, transfer this quantity of serum to each of a series 
of test-tubes which must previously have been sterilised by dry 
heat. The serum may, with all precautions, have been con- 
taminated during the manipulations, and must be sterilised. 
As it will coagulate if heated above 68'' C., advantage must be 
taken of the intermittent process of sterilisation at 57“ C. 
[method B (4)]. It is therefore kept for one hour at this 
temperature on each of eight successive days. It is always 
well to incubate it for a day at 37“ C. before use, to see that 
the result is successful. After sterilisation it is “inspissated,” 
by which process a clear solid medium is obtained. “ Inspissa- 
tion ” is probably an initial stage of coagulation, and is effected 
by keeping the serum at 65° C. till it stiffens. This temperature 
is just below the coagulation point of the serum. The more 
slowly the operation is performed the clearer will be the serum. 
The apparatus used for the purpose is one of the various forms 
of serum steriliser {e.g. Fig. 8), generally a chamber with water- 
jacket heated with a Bunsen below. The temperature is con- 
trolled by a gas regulator, and such an apparatus can, by altering 
the temperature, be used either for sterilisation or inspissation, 
As is evident, the preparation of this medium is tedious, but its 
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use is necessary for the observation of particular characteristics 
in several pathogenic bacteria, notably the tubercle bacillus. 
jPleuritic and other effusions may be prepared in the same way, 
and used as media, but care must be taken in their use, as we 
have no right to say that pathological effusions have the same 

chemical composition as 
normal serum. 

If blood be collected 
with strict aseptic precau- 
tions, then sterilisation of 
the serum is unnecessary. 
To this end the mouth of 
the cylinder used for col- 
lecting the blood, instead 
of being plugged with wool, 
has an india-rubber bung 
inserted in it through 
which two bent glass tubes 
pass. The outer end of 
one of these is of conveni- 
ent length, and, before 
sterilisation, a large cap of 
cotton wool is tied over it ; 
the other tube is plugged 
with a piece of cotton wool. 
In the slaughter-house the 
cap is removed and the 
tube is inserted into the 
blood-vessel as a cannula. 
The cylinder is thus easily 
filled. Another method is 
to conduct the blood to 
the cylinder by means of 
a sterilised cannula and 
Fig. 8. — Blood serum inspissator. india-rubber tube, the 

former being inserted in 
the blood-vessel. In every case the serum must be incubated 
before use, to make sure that it is sterile. 

Coagulated Blood Serum. — If fresh serum be placed in 
sterile tubes and be steamed in the sloped position for an hour 
it coagulates, and there is thus obtained a solid medium very 
useful for the growth of the diphtheria bacillus for diagnostic 
purposes. 

Liiffler’s Blood Serum. — This is the best medium for the 
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growth of the b. diphtherise and may be used for other 
organisms. It has the following composition. Three parts of 
calf’s or lamb’s blood serum are mixed with one part ordinary 
neutral peptone bouillon made from veal with 1 per cent of grape 
sugar added to it. Though this is the original formula it can 
be made from ox or sheep serum and beef bouillon without its 
qualities being markedly impaired. Sterilise by method B (4) 
as above (p. 29). 

Alkaline Blood Serum (Lorrain Smith’s Method). — To each 
100 c.c. of the serum obtained as before, add 1 to 1*5 c.c. of a 
10 per cent solution of sodium hydrate and shake gently. Put 
sufficient of the mixture into each of a series of test-tubes, and 
laying them on their sides, sterilise by method B (2). If the 
process of sterilisation be carried out too quickly, bubbles of gas 
are apt to form before the serum is solid, and these interfere with 
the usefulness of the medium. Dr. Lorrain Smith informs us 
that this can be obviated if the serum be solidified high up in the 
Koch’s steriliser, in which the water is allowed only to simmer. 
In this case sterilisation ought to go on for one and a half hours. 
A clear solid medium (consisting practically of alkali-albumin) is 
thus obtained, and he has found it of value for the growth of the 
organisms for which Koch’s serum is used, and especially for the 
growth of the b. diphtherias Its great advantage is that aseptic 
precautions in obtaining blood from the animal are not necessary, 
and it is easily sterilised. 

Marmorek's Serum Media. — There has always been a diffi- 
culty in maintaining the virulence of cultures of the pyogenic 
streptococci, but Marmorek has succeeded in doing so by growing 
them on the following media, which are arranged in the order of 
their utility : — 

1. Human serum 2 parts, bouillon 1 part. 

2. Pleuritic or ascitic serum 1 part, bouillon 2 parts. 

3. Asses’ or mules’ serum 2 parts, bouillon 1 part. 

4. Horse serum 2 parts, bouillon 1 part. 

Human serum can be obtained from the blood shed in 
venesection, the usual aseptic precautions being taken. In the 
case of these media, sterilisation is effected by method B (4), and 
they are used fluid. 

Hiss’s Serum Water Media. — These are composed of one 
part of ox’s serum and three parts of distilled water with 1 
per cent litmus ; various sugars in a pure condition are added in 
the proportion of 1 per cent. The development of acid by 
fermentation is shown by the alteration of the colour and by 
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coagulation of the medium. These media do not coagulate at 
100'* C. and thus can be sterilised in the steam steriliser. 
They have been extensively used by American workers in 
iStudying the fermentative properties of the b. dysenteriae, 
b. coli, etc. 

Drigalski and Conradi’s Medium.— This is one of the media used for 
the study of intestinal bacteria and especially for the isolation of the 
typhoid group of organisms. («) Three pounds of meat are treated with 
two litres of water overnight ; the fluid is separated as usual, boiled 
for an hour, filtered, and there are added 20 grammes Witte’s peptone, 
20 grammes nutrose,^ 10 grammes sodium chloride ; the mixture is then 
boiled for an hour, 60 grammes finest agar are added, and it is jdaced in 
the autoclave till melted (usually one hour) ; it is then reiideroa slightly 
alkaline to litmus, filtered, and boiled for half an hour, (b) 260 c.c. Kubeb 
Tiemann litmus ^ solution is boiled for ten minutes, 30 grammes milk 
sugar (chemically pure) are added, and the mixture is boiled for fifteen 
minutes ; (a) and {b) are then mixed hot, well shaken, and, if necessary, 
the slightly alkaline reaction restored. There are then added 4 c.c. of 
a 10 per cent sterile solution of water-free sodium hydrate and 20 c.c. of 
a freshly prepared solution made by dissolving •! gramme crystal-violet 
B, Hoechst, in 100 c.c. hot sterile distilled water. This is the finished 
medium, and great care must be taken not to overheat it or to heat it too 
long, as changes in the lactose may be originated. It is convenient to 
distribute the medium in 80 c.c. flasks. 

The principle of the medium is that wliile there is a food supply very 
favouralile to the b. typhosus and the b. coli the antiseptic action of the 
crystal-violet tends to inhibit the growth of other bacteria likely to 
occur in material which has been subjected to intestinal contamination. 
In examining feces a little is rubbed up in from ten to twenty times its 
volume of sterile normal .salt solution ; in the case of urine or water the 
fluid is centrifugalised and the deposit or lower portion is used for the 
inoculation procedures. 

For use the medium is distributed in Petri capsules in a rather thicker 
layer than is customary in an ordinary plate. The sheet of medium 
must be transparent, but mu.st not be less than 2 mm. in thickness — 
in fact, ought to be about 4 mm. After being poured, the capsules are 
left with the covers off for an hour or so, to allow the superficial 
layers of the medium to become set hard. The effect of this is 
that during incubation no water of condensation forms on the lid 
of the capsule, and thus the danger of this fluid dropping on to the 
developing colonies is avoided. The antiseptic nature of the crystal- 
violet IS sufficient to prevent the growth of any aerial organisms falling 

^ Nutrose is an alkaline preparation of casein. 

^ The litmus solution is made as follows. Solid commercial litmus is 
digested with pure spirit at 30° C. till on adding fresh alcohol the latter 
becomes only of a light violet colour. A saturated solution of the residue is 
then made in distilled water and filtered. When this is diluted with a little 
distilled water it is of a violet colour, which further dilution turns to a pure 
blue. To such a blue solution very weak sulphuric acid (made by adding 
two drops of dilute sulphuric acid to 200 c.c. water) is added till the blue 
colour is turned to a wine-red. Then the saturated solution of the dye is added 
till the blue colour returns. 
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on the agar during its exposure to the air. The plates are usually 
inoculated by means of a glass spatula made by bending three inches of a 
piece of glass rod at right angles to the rest of the rod. This part is 
dipped in the infective material and smeared in all directions over the 
surfaces of three or four plates successively without any intervening 
sterilisation. The plates are again exposed to the air after inoculation 
for half an hour and then incubated for twenty-four hours. At the end 
of such a period b. coli colonies are 2 to 6 mm. in diameter, stained 
distinctly red, and are non-transparent. Colonies of the b. typhosus are 
seldom larger than 2 mm., they are blue or bluish-violet in colour, are 
glassy and dew-like in character, and have a single contour. Sometimes 
in the plates b. sul)tilis and its congeners appear, and colonies of these 
organisms have a blue colour. Their growth is, however, more exuberant 
than that of the typhoid bacillus, — being often heaped up in the centre, 
— and the contour of the colony is often double. 

MacConkey’s Bile-Salt Media. — These media were introduced for the 
purpose of ditferentiating the intestinal bacteria, and have been exten- 
sively used lor the study of the b. coli, b. typhosus, b. dysenteric, etc. 
The characteristic ingredients are bile salts and various sugars. The 
stock solution is the following: — Commercial sodium taurocholate, 0*5 
gramme ; Witte’s peptone, 2'0 grammes ; distilled water, 100 c.c. 
For a liquid medium there is added to this *5 per cent of a freshly 
prepared 1 per cent solution of neutral red^ and the sugar, — when 
glucose is used 0*5 per cent is added, in the case of other sugars 1 
per cent. The fluid is distributed in Durham’s fermentation tubes and 
sterilised in the steamer for ten minutes on two successive days, care 
being taken not to overheat the medium. 

For bile-salt agar 1*5 to 2 per cent agar is dissolved in the stock 
solution in the autoclave, if necessary cleared with white of egg and 
filtered. Neutral red and a sugar are added, as in the case of the liquid 
medium. As with Drigalski’s medium, it is well to sterilise it in flasks 
containing 80 c.c., this being an amount sufficient for three Petri 
capsules. When tliis medium is used for examining urine or fseces, 
plates are inoculated as with Drigalski’s medium {supra ) ; for its use in 
water examinations sec p. 136. 

In the bile-salt bouillon the formation of both acid and gas is 
observed if such formation occurs, and in the bile-salt agar acid produc- 
tion is recognised by the red colour of the colonies of the acid- producing 
organisms. 

MacConkoy’s original medium was a 1 per cent bile-salt lactose agar 
with no indicator, and was used for the detection of intestinal bacteria 
in w^ater. Such a medium is unfavourable to all the common spore- 
bearing organisms found in water, and by incubating at 42*^ C. tubes, in 
which there is probably a mixed infection from such a source, the growth 
of most other water bacteria is inhibited. B. coli and b. typhosus, on 
the other hand, grow readily. With the former the surface colonies are 
broad, irregular, and flat, of opaque colour, and with a small spot of 
yellow or orange in the centre, and the colony is surrounded by a haze ; 
the deep colonies are lens-shaped, of orange colour, and are likewise 
surrounded by a haze. With the typhoid organism at the end of forty-eight 
hours the surface colonies are small, round, raised, and semi-transparent, 
while the deep colonies are lens-shaped, white, and have no surrounding 

^ Neutral red gives a deep crimson with acids and a yellow -red with 
alkalies. 
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haze. The haze in the case of b. coli is due to the ready production of 
acid from the lactose causing a precipitate of the taurocholate. Any other 
organism capable of producing acid from lactose will give a similar 
reaction, and the haze can be readily cleared up by floating a drop of 
ammonia on the surface of the medium. MacConkey also used with a 
similar object a 5 per cent glucose bile-salt bouillon tinted with neutral 
litmus as in Drigalski’s medium. 

With reference to MacConkey’s fluid media, organisms are divided into 
(1) those which produce both acid and gas ; (2) tliose producing acid only ; 
(3) those growing but not producing either acid or gas ; (4) those 
incapable of growing. B. coli belongs to the iirst group and b, typhosus 
to the second, and to these groups also belong most ordinary organisms 
growing in faeces, practically none of which are found in the third and 
fourth classes. Thus if any growth takes place on this medium when 
inoculated with, say, water, the probability is that the bacteria have been 
derived from faeces, but of course their identification might present some 
difficulty. With the neutral-red solid media the colonics of any organism 
giving rise to acid will be of a beautiful rose red colour. 

Petruschky’s Litmus Whey. —The preparation of this medium, which 
is somewhat difficult, is as follows : — Fresh milk is slightly warmed, 
and sufficient very dilute hydrochloric acid is added to cause precipita- 
tion of the casein, which is now tillered otf. Dilute sodium hydrate 
solution is added up to, but not beyond, the point of neutralisation, and 
the fluid steamed for one to two hours, by which procedure any casein 
which has been converted into acid albumin by the hydrochloric acid 
is precipitated. This is filtered off, and a clear, colourh ss, perfectly 
neutral fluid should result. Its chief constiiuent, of course, will be 
lactose. To this sufficient Kubel-Tiemanii solution of litmus is added, 
the medium is put into tubes and then sterilised. Alter growth has 
taken place, the amount of acid formed can be estimated by dropping 
in standardised soda solution till the tint of an uninoculated tube is 
reached. 

Media for growing Trichoph3rta, Moulds, etc.— 1. Beer Wort Agar. 
Take beer wort as obtainable from the brewery and dilute it till it has an 
s.g. of 1100. Add r5 per cent of powdered agar and heat in the Koch 
till it is dissolved (usually about two hours are necessary). Filter 
rapidly and fill into tubes. Sterilise in the Koch for twenty minutes on 
three successive days. If the medium is heated too long it loses the 
capacity of solidifying. 

2. Sahouraaid' s medium (modified). Take 40 grammes maltose and 
10 graftimes Witte’s peptone and dissolve these in one litre of water, then 
add 13 grammes of powdered agar. Heat in the Koch till the agar is 
dissolved, filter and fill into tubes, sterilise in the autoclave for twenty 
minutes at 120° C. 

To use these for isolating, say, the Tinea tonsurans, pick out an 
infected hair, wash in absolute alcohol for a few seconds, then wash in 
changes of sterile water and stab the hair into the surface of the medium 
in a number of places ; incubate at 24° C. Usually it is sufficient to 
stab the hair as it is picked from the skin into the medium. 

Potatoes as Culture Material. 

(a) In Potato Jars. — The jar consists of a round, shallow, 
glass vessel with a similar cover {vide Fig. 9). It is washed 
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with MOOO corrosive sublimate, and a piece of circular filter 
paper, moistened with the same, is laid in its bottom. On this 
latter are placed four sterile watch 
glasses. Two firm, healthy, small, 
round potatoes, as free from eyes 
as possible, and with the skin whole, 
are scrubbed well with a brush 
under the tap and stee|)ed for two 
or three hours in 1-1000 corrosive 
sublimate. They are steamed in 
the Koch’s steriliser for thirty 
minutes or longer, or in the auto- Fm. 9.— Potato jar. 
clave for a quarter of an hour. When 

cold, each is grasped between the left thumb and forefinger 
(which have been sterilised with sub- 
^ limate) and cut through the middle with 
I a sterile knife. It is best to have the 
j cover of tlie jar raised by an assistant, 
and to i)erform the cutting beneath it. 
Fig. lO.—Cyliiider of potato ^^'acli half is put in one of the watch 
cut obliquely. glasses, the cut surfaces, 
which are then ready for 
inoculation with a bacterial growth, being upper- 
most. Smaller jars, each of which holds half of a 
potato, are also used in the. same way and are very 
convenient. 

{h) By Slices in Tubes. — This method, intro- 
duced by Ehrlich, is the best means of utilising 
potatoes as a medium. A large, long potato is well 
washed and scrubbed, and peeled with a clean knife. 

A cylinder is then bored from its interior with an 
apple corer or a large cork borer, and is cut obliquely, 
as in Fig. 10. Two wedges are thus obtained, each 
of which is placed broad end downward in a test-tube 
of special form (see Fig. 11). In the wide part at 
the bottom of this tube is placed a piece of cotton 
wool, which catches any condensation water which 
may form. The wedge rests on the constriction Fia. 11.^ 
above this bulbous portion. The tubes, wasshed, 
dried, and with cotton wool in the bottom and in the 
mouth, are sterilised before the slices of potato are potato, 
introduced. After the latter are inserted, the tubes 
are sterilised in the Koch steam steriliser for one hour, or in 
the autoclave for fifteen minutes, at 115° C. An ordinary test- 
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tube may be used with a piece of sterile absorbent wool in its 
bottom, on which the potato may rest. 

Glycerin potato^ suitable for the growth of the tubercle 
bacillus, may be prepared by covering the slices in the tubes 
with 6 per cent solution of glycerin in water and steaming for 
half an hour. The fluid is then poured off and the sterilisation 
continued for another half hour. 

Potatoes ought not to be prepared long before being used, as 
the surface is apt to become dry and discoloured. It is well to 
take the reaction of the potato with litmus before sterilisation, 
as this varies ; normally in young potatoes it is weakly acid. 
The reaction of the potato may be more accurately estimated by 
steaming the potato slices for a quarter of an hour in a known 
quantity of distilled water and then estimating the reaction of 
the water by phenol-phthaleine. The required degree of acidity 
or alkalinity is obtained by adding the necessary quantity of 
HCl or NaOH solution (p. 34) and steaming for other fifteen 
minutes. The water is then poured off and sterilisation 
continued for another half hour. Potatoes before being 
inoculated ought always to be incubated at 37° C. for a night, 
to make sure that their sterilisation has been successful. 

Eisner’s Medium. — This is one of tho media introduced in tlie study 
of the comparative reactions of the typhoid bacillus and the B. coli. 
The preparation is as follows : .500 grammes potato are grated u]) in a 
litre of water, allowed to stand over night, then strained, and added to 
an equal quantity of ordinary 1.5 per cent jKfptonc gelatin which has not 
been neutralised. Normal sodium hydrate solution is added till the 
reaction is feebly acid to litmus, the whole boiled together, filtered, and 
sterilised. Just before use potassium iodide is added so as to constitute 
one per cent of the medium. Moore has used a similar agar prejiaration. 
Here 500 grammes potato are scraped up in one litre of water, allowed to 
stand for three liours, strained, and ]nit aside over night. The clear 
fluid is poured off, made up to one litre, rendered slightly alkaline, 20 
grammes agar are added, and the wliole is treated as in making ordinary 
agar. The medium is distributed in test-tubes— 10 c.c. to each — and 
immediately before use, to each is added -5 c.c. of a solution of 10 grammes 
potassium iodide to 50 c.c. water. 

Milk as a Culture Medium. 

This is a convenient medium for observing the effects of 
bacterial growth in changing the reaction, in coagulating the 
soluble albumin, and in fermenting the lactose. It is prepared 
as follows : fresh milk is taken, preferably after having had the 
cream “ separated” by centrifugalisation, as is practised in the 
best dairies, and is steamed for fifteen minutes in the Koch, it 
is then set aside in an ice chest or cool place over night to 
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facilitate further separation of cream. The milk is siphoned off 
from beneath the cream. The reaction of fresh milk is alkaline. 
If great accuracy is necessary any required degree of reaction 
may be obtained by the titration method. It is then placed in 
tubes and sterilised by methods B (2) or B (3), 

Bread Paste. 

This is useful for growing torulaj, moulds, etc. Some 
ordinary bread is cut into slices, and then dried in an oven till 
it is so dry that it can be pounded to a fine powder in a mortar, 
or rubbed down with the fingers and passed through a sieve. 
Some 100 c.c. flasks are washed, dried, and sterilised, and a 
layer of the powder half an inch thick placed on the bottom. 
Distilled water, sufficient to cover the whole of it, is then run in 
with a pipette held close to the surface of the bread, and, the 
cotton-wool plugs being replaced, the flasks are sterilised in the 
Koch’s steriliser by method B (2). The reaction is slightly acid. 

The Use of the Culture Media. 

The culture of bacteria is usually carried on in test-tubes 
conveniently 6 x | in. These ought to be very thoroughly 
washed and dripped, and their mouths plugged with plain 
cotton wool. They are tlien sterilised for one hour at 170° C. 
If the tubes be new, the glass, being usually packed in straw, 
may be contaminated with the extremely resisting spores of 
the b. subtilis. Cotton -wool plugs are universally used for 
protecting the sterile contents of flasks and tubes from con- 
tamination with the bacteria of the air. A medium thus 
protected will remain sterile for years. Whenever a protecting 
plug is removed for even a short time, the sterility . of the 
contents may be endangered. It is well to place the bouillon, 
gelatin, and agar media in the test-tubes directly after filtration. 
The media can then be sterilised in the test-tubes. 

In filling tubes, care must be taken to run the liquid down 
the centre, so that none of it drops on the inside of the upper 
part of the tube with which the cotton-wool plug will be in 
contact, otherwise the latter will subsequently stick to 
the glass and its removal will be difficult. In the case of 
liquid media, test-tubes are filled about one-third full. With 
the solid media the amount varies. In the case of gelatin 
media, tubes filled one -third full and allowed to solidify 
whila standing upright, are those commonly used. With 
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organisms needing an abundant supply of oxygen the best 
growth takes place on the “Surface of the medium, and for 
practical purposes the surface ought thus to be as large as 
possible. To this end “ sloped ” agar and gelatin tubes are 
used. To prepare these, tubes are tilled only about one-sixth 
full, and after sterilisation are allowed to solidify, lying on their 
sides with their necks supported so that the contents extend 3 



Pig. 12. — Apparatus which 
may be used for filling tubes. 
The apparatus explains itself. 
The india-rubber stopper witli 
•its tubes ought to be sterilised 
before use. 



Fig. 13. — Tubes of media. 

a. Ordinary upright tube. h. Sloped tube, 
c. “ Deep” tube for cultures of anaerobes. 


to 4 inches up, giving an oblique surface after solidification. 
Thus agar is commonly used in such tubes (less frequently 
gelatin is also sloped ”), and this is the position in which blood 
serum is inspissated. Tubes, especially those of the less commonly 
used media, should be placed in large jars provided with stoppers, 
otherwise the contents are apt to evaporate. A tube of medium 
which has been inoculated with a bacterium, and on which 
growth has taken place, is called a “ culture.” A “ pure culture ” 
is one in which only one organism is present* The methods of 
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obtaining pure cultures will presently be described. When a 
fresh tube of medium is inoculated from an already existing 
culture, the resulting growth is said to be a “ sub-culture ” of the 
first. All manipulations involving the transference of small 
portions of growth either from one medium to another, as in the 
inoculation of tubes, or, as will be seen later, to cover-glasses for 
microscopic examination, are effected by pieces of platinum wire 
(Nos. 24 or 27 Birmingham wire gauge — the former being the 
thicker) fixed in glass rods 8 inches long.^ Every worker should 
have three such wires. Two are 2-^ inches long, one of these 
being straight (Fig. 14, a), and the other having a loop turned 
upon it (Fig. 14, h). Tlie latter is referred to as the platinum 
“loop” or platinum “eyelet,” and is used for many purposes. 




Fig. 14. — Platumm wires in glass handles. 

a. Straight needle for ordinary puncture inoculations, h. “ Platinum loop.” 
c. Long needle for inoculating “ dee]» ” tubes. 

“ Taking a looiiful ” is a phrase constantly used. The third wire 
(Fig. 14, c) ought to 1)0 44 inches long and straight. It is used 
for making anaerobic cultures. It is also very useful to have 
at hand a platinum-iridium spud. This consists of a piece of 
platinum-iridium about 14 inches long, 2 mm. broad, and of 
sufficient thickness to give it a firm consistence ; its distal end is 
expanded into a diamond shai)e, and its proximal is screwed 
into an aluminium rod. It is very useful for making scrapings 
from organs and for disintegrating felted bacterial cultures ; in 
such manipulations the ordinary platinum wire is awkward to 
work with as it bends so easily. Cultures on a solid medium 
are referred to (1) as “puncture” or “stab” cultures (German, 
Stichkultur), or ^2) as “stroke” or “slant” cultures (Strichkultur), 
according as they are made (1) on tubes solidified in the upright 
position, or (2) on sloped tubes. 

^ Aluniiiiiuni rods are made wliich are very convenient. The end is split 
with a knife, the platinum wire is inserted and fixed by pinching the 
aluminium on it in a vice, 

4 



50 METHODS OP CULTIVATION OP BACTEBIA 


To inoculate, say, one ordinary upright gelatin tube from 
another, the two tubes are held in an inverted position between 
the forefinger and^ thumb of the left hand with their mouths 
towards the person holding them ; the plugs are twisted round 

once or twice, to make 
sure they are not adher- 
ing to the glass. The 
short, straight platinum 
wire is then heated to 
redness from point to 
insertion, and 2 to 3 
inches of the glass rod 
are also passed two or 
three times through the 
Bunsen flame. It is held 
between the right fore 
and middle fingers, with 
the needle projecting 

Fig. 16. — Another method of inoculating backwards, ^ %s, away 

solid tubes. from the right palm. 

Be move plug from cul- 
ture tube with right forefinger and thumb, and continue to hold 
it between the same fingers, by the part which projected beyond 
the mouth of the tube. Now touch the culture with the platinum 
needle, and, withdrawing it, replace plug. In the same way 
remove plug from tube to be inoculated, and plunge platinum 
wire down the centre of the 
gelatin to within half an inch 
of the bottom. It must on 
no account touch the glass 
above the medium. The wire 
is then immediately sterilised. 

A variation in detail of this 
method is to hold the plug 
of the tube next the thumb 
between the fore and middle 
fingers, and the plug of the 16.- Rack for platinum needles, 

other between the middle and 

ring fingers, then to make the inoculation (Fig. 15). If a tube 
contain a liquid medium, it must be held in a sloping position 
between the same fingers, as above. For a stroke culture the 
platinum loop is used, and a little of the culture is smeared in 
a line along the surface of the medium from below upwards. In 
inoculating tubes, it is always well, on removing the plugs, to 
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make sure that no strands of cotton fibre are adhering to the inside 
of the necks. As these might be touched with the charged needle 
and the plug thus be contaminated, they must be removed by heat- 
ing the inoculating needle red-hot and scorching them off with it. 
When the platinum wires are not in use they may be laid in a 
rack made by bending up the ends of a piece of tin, as in 
Fig. 16. To prevent contamination of cultures by bacteria 
falling on the plugs while these are exposed to the air during 
inoculation manipulations, some bacteriologists singe the plugs 
in the flame before replacing. This is, however, in most cases a 
needless precaution. If the top of a plug be dusty it is best to 
singe it before extraction. 

The Methods of the Separation of Aerobic Organisms. 

Plate Cultures. 

.The general principle underlying the methods of se})aration 
is the distribution of the bacteria in one of the solid media 
liquefied by heat and the dilution of the mixture so that the 
growths produced by the individual bacteria — called colonies — 
shall be suitably a])art. In order to render the colonies easily 
accessible, the medium is made to solidify in as thin a layer as 
possible, by being poured out on glass [)lates — hence the term 
“plate cultures.” 

As the optimum temperature varies with different bacteria, 
it is necessary to use both gelatin and agar media. Many 
pathogenic organisms, e.g. pneumococcus, b. diphtheriie, etc., 
grow too slowly on gelatin to allow its ready use. On the other 
hand, many organisms, e.g. some occurring in water, do not 
develop on agar incubated at .37“ C. 

Separation by Gelatin Media. — As the naked-eye and micro- 
scopic appearances of colonies are often very characteristic, 
plate cultures, besides use in separ- 
ation, are often taken advantage of 
in the description of individual 
organisms. The plate - culture 
method can also be used to test 
whether a tube culture is or is not 
pure. The suspected culture is 

plated (three plates being pre- 
pared, as will be described). If Fio. 17. —Petri’s capsule, 

all the colonies are the same, then (Cover shown partially raised.) 

the cultures may be held to be pure. 

Either simple plates of glass 4 inches by 3 inches are used, 
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or, what are more convenient, circular glass cells with similar 
overlapping covers. The latter are known as Petri’s dishes or 
capsules (Fig. 17). They are usually 3 inches in diameter and 
half an inch deep. The advantage of these is that they do not 
require to be kept level by a special apparatus while the medium 
is solidifying, and can be readily handled afterwards without 
admitting impurities. Whether plates or capsules are used, 
they are washed, dried with a clean cloth, and sterilised for one 
hour in dry air at 170“ C., the plates being })acked in sheet-iron 
boxes made for the purpose see (Fig. 18). 

1. Glass Capsules. — While in certain circumstances, as when 
the number of colonies has to be counted, it is best to use plates 
of glass j in the usual laboratory routine Petri’s capsules are to 
be preferred for the above reasons. 

The contents of three gelatin tubes, marked a, h, c} are 
liquefied by placing in a beaker of water at any temperature 
between 25“ C. and 38° C. Inoculate a with the bacterial 
mixture. The amount of the latter to be taken varies, and can 
only be regulated by experience. If the microscope shows 
enormous numbers of different kinds of bacteria present, just as 
much as adheres to the point of a straight platinum needle is 
sufficient. If the number of bacilli is small, one to three loops 
of the mixture may be transferred to the medium. Shake a 
well, but not so as to cause many fine air-bubbles to form. 
Transfer two loops of gelatin from a to h. Shake h and transfer 
five loops to c. Tlie i)lugs of the tubes are in each case replaced 
and the tubes returned to the beaker. The contents of the 
three tubes are then poured out into three capsules. In doing 
so the plug of each tube is removed and the mouth of the tube 
passed two or three times through the Bunsen fiame, the tube 
being meantime rotated round a longitudinal axis. Any organ- 
isms on its rim are thus killed. The capsules are labelled and 
set aside till growth takes place. 

For accurate work it will be found convenient to carry out 
the dilutions in definite proportions. The following is the pro- 
cedure which we have found very serviceable. In a number of 
small sterile test-tubes *95 c.c. sterile water is put. To the first 
tube we add '05 c.c. of the bacterial mixture. The contents of 
the tube are well shaken up, and the pipette is sterilised by 
being washed out with boiling water. It is allowed to cool, and 
*05 c.c. of fluid is transferred from the first tube to the second. 
By a similar procedure '05 c.c. is transferred from the second to 

^ For marking glass vessels it is convenient to nse the red, blue, or yellow 
oil pencils made for the purpose by Faber. 



KOCH’S METHOD OF PLATE CULTURES 63 

the third and so on. There is thus efifected a twenty-fold 
dilution in each successive tube. After these steps have been 
carried out a definite amount, say, *06 c.c. is transferred from 
each tube to a tube of melted gelatine, — the gelatine being after- 
wards plated and the colonies counted when growth occurs. 
The number of tubes required will vary according to the 
number of bacteria in the original mixture, but usually four or 
five will be sufficient. It is quite evident that this method not 
only enables us to sej)arate bacteria, but if necessary gives us a 
means of estimating exactly the number in the original mixture. 

The colonies appear as minute rounded points, whitish or 
variously coloured. Their characters can be more minutely 
studied by means of a hand-lens or by inverting the ca 2 )sule on 
the stage of a niicrosco])e and examining with a low power 
through the bottom. From tlieir characters, colour, shape, 
contour, appearance of surface, liquefaction or non-liquefaction 
of the gelatin, etc., the colonies can be classified into groups. 
Further aid in the groupitig of the varieties is obtained by 
making film |)reparations and examining them microscopically. 
Gelatin or agar tubes may then be inoculated from a colony of 
each variety, and the growths obtained are then examined both 
as to their purity and as to their special characters, with a view 
to their identification (p. 115). 

2. Glass Plates (Koch). — When plates of glass arc to be used, an 
apparatus on which they may be kept level while the medium is solidi- 
fying is, as has been said, necessary. An apparatus devised by Koch is 
used (Figs. 18, 19). This consists of a circular plate of glass (with the 
upper surface ground, the lower polished) on which the plate used tor 
pouring out the medium is placed. The latter is ])rotected from the air 
during solidification by a bell jar. The circular plate and bell jar rest 
on tlie flat rim of a circular glass trough, which is filled quite full with 
a mixture of ice and water, to facilitate the lowering of the temperature 
of whatever is placed beneath the bell jar. The glass trough rests on 
corks on the bottom of a large circular trough, which catches any water 
that may be spilled. This trough in turn rests on a wooden triangle 
with a foot at each corner, the height of which can be adjusted, and 
which thus constitutes the levelling apparatus. A spirit level is placed 
where the plate is to go, and the level of the ground glass plate thus 
assured. There is also prepared a “damp chamber,” in which the 
plates are to be stored after being made. This consists of a circular 
glass trough with a similar cover. It is sterilised by being washed out- 
side and inside with perchloride of mercury 1-1000, and a circle of filter- 
paper moistened with the same is laid on its bottom. Glass benches on 
which the plates may be laid are similarly purified. 

To separate organisms by this method three tubes, a, b, c, are inocu- 
lated as in using Petri’s capsules (p. 52). The hands having been 
washed in perchloride of mercury 1-1000 and dried, the plate box is 
opened, and a plate lifted by its opposite edges and transferred to the 
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levelled ground glass (as in Figs. 18, 19). The bell jar of the leveller 
being now lifted a little, the gelatin in tube a is poured out on the 
surface of the sterile plate, and while still fluid, is spread by stroking 



Fig. 18. — Koch’s levelling apparatus for use in preparing plates. 
Hands shown in first position for transferring sterile plate from iron 
box to beneath bell jar, where it subsequently has the medium poured 
out upon it. 

with the rim of the tube. After tlie medium solidifies, the plate is 
transferred to the moist chamber as rapidly as possible, so as to avoid 



Fig. 19. — Koch’s levelling apparatus. Hands shown in second 
position just as the plate is lowered on to the ground glass surface. 

By executing the transference of the plate from the box in this way, 
the surface which was undermost in the latter is uppermost in the 
■ leveller, and thus never meets a current of air which might con- 
taminate it. 

atmospheric contamination. In doing this, it is advisable to have an 
assistant to raise the glass covers. Tubes 6 and c are similarly treated. 
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and the resulting plates stacked in series on the top of a. The chamber 
is labelled and set aside for a few days till the colonies appear on the 
gelatin plates. The further procedure is of the same nature as with 
Petri’s capsules. 

3. EsniarcKs Roll Tubes. — Here the principle is that of 
dilution as before. In each of three test-tubes or inch in 
diameter, gelatin to the depth of | of an inch is placed" These 
are sterilised. The gelatin is melted and in- 
oculated in series with the bacterial mixture as 
in making plate cultures, but instead of being '•? '^.'4 

poured out it is rolled in a nearly horizontal 
position under a cold tap or on a block of ice till 
it solidifies as a uniformly thin layer on the inside 
of the tube. Practically we deal with a cylindrical i m 

sheet of gelatin instead of a flat one. A con- I |ijj|| 

venient form of tube for this method is one with • 

a constriction a short distance below the plug of |lj || 

cotton wool (Fig. 20). The great disadvantage of \ I' I 

the method is, that if organisms liquefying the j || 

gelatin be jiresent, the liquefied gelatin contamin- ] 1 1 

ates the rest of the medium. ' ||| 

Separation by Agar Media. — 1. Agar Plates. || 

— The only difference between the technique here f| 

and that with gelatin depends on the difference i|| 

in the melting-points of the two media. Agar, L jjf 

we have said, melts at 98° C., and becomes again 
solid a little under 40° C. As it is dangerous 20. 

to expose organisms to a temperature much Esmarch’s tube 
above 42° C., it is necessary in preparing tubes for roll culture, 
of agar to be used in plate cultures to first 
melt the agar, by boiling in a vessel of water for a few minutes, 
and then to cool them to about 42° C. before inoculating. The 
manipulation must be rapidly carried out, as the margin of 
time, before solidification occurs, is narrow; otherwise the 
details are the same as for gelatin. Esmarch’s tubes are not 
suitable for use here, as the agar does not adhere well to the 
sides. If to the agar 2 per cent of a strong watery solution of 
pure gum arabic is added, Esmarch’s tubes may, however, be 
used. 

2. Separation by Stroking Mixture on Surface of Agar 
Media . — The bacterial mixture, in.stead of being mixed in the 
medium, is spread out on its surface. The method may be used 
both when the bacteria to be separated are in a fluid, and when 
contained in a fairly solid tissue or substance, such as a piece 
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of diphtheritic membrane. In the case of a tissue, for example, 
a small portion entangled in the loop of a platinum needle is 
stroked in successive parallel longitudinal strokes on sloped 
agar, the same aspect being brought in contact with the agar in 
all the strokes. Three strokes may be made on each tube, and 
three tubes are usually sufficient. In this process the organisms 
on the surface of the tissue are gradually rubbed off, and when 
growth has taken place it will be found that in the later 
strokes the colonies are less numerous than in the earlier, and 
sufficiently far apart to enable parts of them to be picked off 
without the needle touching any but one colony. When, as in 
the case of diphtheritic membrane, putrefactive organisms may 
be present on the surface of the tissue, these can be in great 
part removed by washing it well in cold water previously 
sterilised {vide Diphtheria). In the case of liquids, the loop is 
charged and similarly stroked. Tubes thus inoculated must be 
put in the incubator in the upright position and must be 
handled carefully so that the condensation water, which always 
is present in incubated agar tubes, may not run over the surface. 
Agar, poured out in a TetiTs capsule and allowed to stand till 
firm, may be used instead of successive tubes. Here a sufficient 
number of strokes can be made in one capsule. Sloped blood- 
serum tubes may be used instead of agar. The method is rapid 
and easy, and gives good results. 

Separation of Pathogenic Bacteria by Inoculation of 
Animals. — It is found difficult and often impossible to separate 
by ordinary plate methods certain pathogenic organisms, such 
as b. tuberculosis, b. mallei, and the pnciimococcus, when such 
occur in conjunction with other bacteria. These grow best on 
special media, and the first two (especially the tubercle l)acillus) 
grow so slowly that the other organisms present outgrow them, 
cover the whole plates, and make separation impossible. The 
method adopted in such cases is to inoculate an animal with 
the mixture of bacilli, wait until the particular disease develops, 
kill the animal, and with all aseptic precautions {vide^. 123) 
inoculate tubes of suitable media from characteristic lesions 
situated away from the seat of inoculation, e,g. from spleen in 
the case of b. tuberculosis, spleen or liver in the case of b. 
mallei, and heart blood in the case of pneumococcus. 

Separation by killing Non-spored Forms by Heat.— This is 
a method which has a limited application. As has been said, 
the spores of a bacterium resist heat more than the vegetative 
forms. When a mixture contains spores of one bacterium and 
vegetative forms of this and other bacteria, then if the mixture 
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be boiled for a few minutes all the vegetative forms will 
be killed, while the spores will remain alive and will develop 
subsequently. This method can be easily tested in the case of 
cultivating b. subtilis from hay infusion. A little chopped-up 
hay is placed in a flask of water, which is boiled for about ten 
minutes. On this being allowed to cool and stand, in a day or 
two a scum forms on the surface, which is found to be a pure 
culture of the bacillus subtilis. The method is also often used 
to aid in the separation of b. tetani, vide infra. 


The Principles of the Culture of Anaerobic 
Organisms. 

All ordinary media, after pre})aration, may contain traces of 
free oxygen, and will absorb more from the air on standing. (1) 
For the growth of anaerobes this oxygen may be exi)elled by 
the prolonged passing of an inert gas, such as hydrogen, through 
the medium (liquefied if necessary). Further, the medium must 
be ke})t in an atmosjfliere of the same gas, while growth is going 
on. (2) Media for anaerobes may be kept in contact with the 
air, if they contain a reducing agent which does not interfere 
with bacterial growth. Such an agent takes up any oxygen 
which may already be in tlie medium, and prevents further 
absorption. The reducing body used is generally glucose, though 
formate of sodium may be similarly employed. The jjreparation 
of such media has already been described (pp. 36, 37). In this 
case the medium ought to be of considerable thickness. 

The Supply of Hydrogen for Anaerobic Cultures . — Tlie gas is generated 
ill a large Kipp’s apparatus Irom pure sulphuric acid and pure zinc. It 
is passed through three wash-bottles, as in Fig. 21. In the first is 
placed a solution of lead acetate (1 in 10 of water) to remove any traces 
of sulphuretted hydrogen. In the second is })laced a 1 in 10 solution of 
silver nitrate to remove any arsenietted hydrogen wliich may be present 
if the zinc is not quite pure. In the third is a 10 per cent solution 
of pyrogallic acid in caustic potash solution (1 : 10) to remove any 
traces of oxygen. The tube leading from the last bottle to the vessel 
containing the medium ought to be sterilised by passing through a 
Bunsen flame, and should have a small plug of cotton wool in it to filter 
the hydrogen germ-free. 

Separation of Anaerobic Organisms. — {a) By Roll-tubes . — 
A IJ inch test-tube has as much gelatin put into it as w'ould be 
used in the Esmarch roll-tube method. It is corked with an 
india-rubber stopper having two tubes passing through it, as in 
Fig. 22. The ends of the tubes are partly drawn out as shown, 
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and covered with plugs* of cotton wool. Three such test-tubes 
are prepared, and they are sterilised in the steam steriliser (p. 27). 
After sterilisation the gelatin is melted and one tube inoculated 
with the mixture containing the anaerobes ; the second is inocu- 
lated from the first, and the third from the second, as in making • 
ordinary gelatin plates. After inoculation the gelatin is kept 
liquid by the lower ends of the tubes being placed in water at 
about 30° C., and hydrogen is passed in through tube x for 
twenty minutes. The gas -supply tubes are then completely 
sealed off at x and and each test-tube is rolled as in Esmarch’s 
method till the gelatin solidifies as a thin layer on the internal 



Fig. 21. — Apparatus for supplying hydrogen for anaerohic cultures. 

a, Kipp's apparatus for inanufacturo of hydrogen, h. Wash-bottle containing 
1-10 soluiion of load acetate, c. Wash-bottle containing 1-10 solution of silver 
nitrate, d. Wash-bottle containing 1-10 solution of pyrogallic acid, (h, c, and d 
are intentionally drawn to a larger scale than a to show details.) 

surface. A little hard paraffin may be run between the rim of the 
test-tube and the stopper, and round the perforations for the gas- 
supply tubes, to ensure that the apparatus is air-tight. The 
gelatin is thus in an atmosphere of hydrogen in which the 
colonies may develop. The latter may be examined and isolated 
in a way which will be presently described. The method is 
admirably suited for all anaerobes which grow at the ordinary 
temperature. 

(b) Bulloch's Apparatus for Anaerobic Culture. — This can 
be recommended for plating out mixtures containing anaerobes, 
and for obtaining growths (especially surface growths) of the 
latter. It consists (Fig. 23) of a glass plate as base on which a 
bell jar can be firmly luted down with unguentum resinae. In 
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the upper part of the bell jar are two apertures furnished with 
ground stoppers, and through each of the latter passes a glass tube 
on which is a stop-cock. One tube, bent slightly just after 
passing through the stopper, extends 
nearly to the bottom of the chamber; 
the other terminates immediately below 
the stopper. In using the apparatus 
there is set on the base-plate a shallow 
dish, of slightly less diameter than that 
of the bell jar, and having a little heaj) 
of from two to four grammes of dry 
pyrogallic acid placed in it towards one 
side. Culture plates made in the usual 
way can be stacked on a frame of glass 
rods resting on the edges of the dish, 
or a beaker containing culture tubes can 
be placed in it. The bell jar is then 
placed in l«sition«otliaUhelo»pr glass 22 . -Esmarch’s roll- 

tube IS situated over that part ot the adaiited for culture 

bottom of the shallow dish farthest away contain big anaerobes. 



from the iiyrogallic acid, and the bottom 

and stoppers are luted. The air in the bell jar is now expelled 
by passing a current of hydrogen through the short glass-tube, 
and both stoppers are closed. A 
jiartial vacuum is then effected in 
==:(fc=;> connecting up the short 

tube with an air-pump, opening 
the tap, and giving a few strokes 
of the latter. A solution of 109 
I 1 grins, solid caustic potash dissolved 

1 1 in 145 c.c. water is made, and 

I into the vessel containing it a 

B j rubber tube connected with the 

jj long glass tube is made to dip, 

i and the stopper of the latter 

I being opened, the ffuid is forced 

iTijij into the chamber and spreads over 

u bottom of the shallow dish; 

^ potassium pyrogallate is thus 


anaerobic plate cultures. 


oxygen still present. Before the 
whrdft nf the fluid is forced in. 


the rubber tube is placed in a little boiled water, and this, passing 
through the glass tubes, washes out the potash and prevents 
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erosion of the glass. The whole apparatus may be placed in the 
incubator till growth occurs. 

It is often advisable in dealing with material suspected to 
contain anaerobes to inoculate an ordinary deep glucose agar 
tube with it, and incubating for 24 or 48 hours, to then apply an 
anaerobic separation method to the resultant growth. Sometimes 
the high powers of resistance of spores to heat may be taken 
advantage of in aiding the separation {vide Tetanus). 

Cultures of Anaerobes. — When by one or other of the above 
methods separate colonies have been obtained, growtli may be 
maintained on media in contact with ordinary air. The media 
generally used are those which contain reducing agents, and the 
test-tubes containing the medium must be filled to a depth of 4 
inches. They are sterilised as usual and are called deep ” 
tubes. The long straight platinum wire is used for inoculating, 
and it is plunged Avell down into the “ deep ” tube. A little air 
gets into the upper part of the needle track, and no growth takes 
place there, but in the lower [)art of the needle track growth 
occurs. From such “ deep ” cultures growths may be maintained 
indefinitely by successive sub-cultures in similar tubes. Even 
ordinary gelatin and agar can be used in the same way if the 
medium is heated to boiling -iioint before use to expel any 
absorbed oxygen. 

CarrolVs Method for A naerobic Cultures . — This may be used 
with culture tubes containing any of the media suitable for 
anaerobes, with Esmarch’s roll-tubes, oi* with fermentation tubes. 
There is required a dry tube of the same diameter as the culture 
tube, a short U-shaped glass tube, and two i)ieces of rubber tub- 
ing all of like diameter. The culture tube having been inoculated, 
the plug is pushed home below the lip of the tube. The ends 
of the U-tube are smeared with vaseline and a rubber tube 
slipped over each ; the end of the culture tube being similarly 
treated, the free end of one of the rubber tubes is pushed over it 
till the glass of the U-tube is in contact with the glass of the 
culture tube. In the dry tube one or two grammes of pyrogallic 
acid are placed and the j>owder is packed down with a layer of 
filter paper. Ten or twenty cubic centimetres of a ten per cent 
solution of sodium hydrate are then poured in and the tube is 
quickly connected up by the rubber tubing with the other end 
of the U-tube. In this apparatus tlie oxygen is absorbed by the 
sodium pyrogallate and the conditions for anaerobic growth 
are fulfilled. 

Cultures of Anaerobes in Liquid Media. — It is necessary to 
employ such in order to obtain the toxic products of the growth 
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of anaerobes. Glucose broth is most convenient. It is placed 
either (1) in a conical flask with a lateral opening and a perfor- 
ated india-rubber stopper, through which a bent glass tube passes, 
as in Fig. 24, a, by which hydrogen may be delivered, or (2) in 
a conical flask with a rubber stopper furnished with two holes, 
as in Fig. 24, 6, through a tube in one of which hydrogen is 
delivered, while through the tube in the other the gas escapes. 
The inner end of the gas delivery tube must in either case be 
below the surface of the liquid; the inner end of the lateral 
nozzle in the one case, and the inner end of the escape tube in 
the other, must of course be above the surface of the liquid. 
The single tube in the one case and the two tubes in the other 



a. Flask for anaerobe.*) in liquid iriodia. Latf'ral tiozzle and stopper lltted for 
hydrogen su])ply. b. A .stopper arranged for a flask without lateral nozzle. 

ought to be partially drawn out in a flame to facilitate subsequent 
complete sealing. The ends of the tubes through which the gas 
is to pass are previously protected by pieces of cotton wool tied 
on them. It is well previously to place in the tube, through 
which the hydrogen is to be delivered, a little j)lug of cotton 
wool. The flask being thus prejjared, it is sterilised by methods 
B (2) or B (3). On cooling it is ready for inoculation. In the 
case of the flask with the lateral nozzle, the cotton-wool covering 
having been momentarily removed, a wire charged with the 
organism is passed down to the bouillon. In the other kind of 
flask the stopper must be removed for an instant to admit the 
wire. The flask is then connected with the hydrogen apparatus 
by means of a short piece of sterile india-rubber tubing, and 
hydrogen is passed through for half an hour. In the case of 
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flask (1), the lateral nozzle is plugged with molten paraffin 
covered with alternate layers of cotton wool and paraffin, the 
whole being tightly bound on with string. The entrance tube 
is now completely drawn off in the flame before being dis- 
connected from the hydrogen 
apparatus. In the case of 
flask (2), first the exit tube 
and then the entrance tube 
are sealed off in the flame 
before the flask is discon- 
nected from the hydrogen 
apparatus. It is well in the 
case of both flasks to run 
some melted paraffin all over 
the rubber stopper. Some- 
times much gas is evolved by 
anaerobes, and in dealing 
with an organism where this 
will occur, provision must be 
made for its escape. This 
is conveniently done by lead- 
ing down tlie exit tube, and 



Fig. 25. — Flask arranged for culture of 
anaerobes which develop gas. 

h is a trough of mercury into which exit 
tube dips. 


letting the end just dip into a trough of mercury (Fig. 25), 
or into mercury in a little bottle tied on to the end of the 
exit tube. The pressure of gas within causes an escape at the 
mercury contact, which at the same time acts as an efficient 
valve. The method of culture in fluid media is used to obtain 
the soluble products of such anaerobes as the tetanus bacillus. 



Fig. 26. — Tubes for anaerobic cultures on the surface of solid media. 

When it is desired to grow anaerobes on the surface of a 
solid medium such as agar, tubes of the form shown in Fig. 26, 
a and 6, may be used. A stroke culture having been made, the 
air is replaced by hydrogen as just described, and the tubes are 
fused at the constrictions. Such a method is of great value 
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when it is required to get the bacteria free from admixture of 
medium, as in the case of staining flagella. 


Miscellaneous Methods. 

Hanging-drop Cultures. — It is often necessary to observe 
micro-organisms alive, either to watch the method and rate of 
their multiplication, or to investigate whether or not they are 
motile. This is effected by making hanging-drop cultures. The 




A 


Fin. 27. 

A. Ilollow-grouiui slide for h.nnging-drop cultures shown in plan and section. 

B. Another form of slide for similar cultures. 

method in the form to be described is only suitable for aerobes. 
For this special slides are necessary. Two forms are in use and 
are shown in Fig. 27, In A there is ground out on one surface 
a hollow having a diameter of about half an inch. That shown 
in B explains itself. The slide to be used and a cover-glass are 
sterilised by hot air in a Petri’s dish, or simply by being heated 
in a Bunsen and laid in a sterile Petri to cool. In the case of 
A, one or other of two manipulation methods may be employed. 
(1) If the organism be growing in a liquid culture, a loop of the 
liquid is placed on the middle of the under surface of the sterile 
cover-glass, which is held in forceps, the points of which have 
been sterilised in a Bunsen flame. If the organism be growing 
in a solid medium, a loopful of sterile bouillon is placed on the 
cover-glass in the same position, and a very small quantity of 
the culture (picked up with a platinum needle) is rubbed up in 
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the bouillon. The cover is then carefully lowered over the cell 
on the slide, the drop not being allowed to touch the wall or the 
edge of the cell. The edge of the cover-glass is covered with 
vaseline, and the preparation is then complete and may be 
placed under the microscope. If necessary, it may be first in- 
cubated and then examined on a warm stage. (2) The sterile 
cover-glass is placed on a sterile plate (an ordinary glass plate 
used for plate cultures is convenient). The drop is then placed 
on its upper surface, the details being the same as in the last 
case. The edge of the cell in the slide is then ])ainted with 
vaseline, and the slide, held with the hollow surface downwards, 
is lowered on to the cover-glass, to the rim of which it of course 
adheres. The slide with the cover attached is then quickly 
turned right side up, and the preparation is complete. 

In the case of B the drop of fluid is placed on the centre of 
the table x. The drop must be thick enough to come in contact 
with the cover-glass when the latter is lowered on the slide, and 
not large enough to run over into the surrounding trench y. 
The cover-glass is then lowered on to the drop, and vaseline is 
painted along the margin of the cover-glass. The method of 
microscopic examination is described on page 85. 

Anaerobic Hanging -drop Cultures.— growth and examination of 
bacteria in hanging-drops under anaero})ic conditions involve consider- 





Fig. 28. — Graliam Brown’s chamber for anaerobic hanging-drops. 

(A i)ortion of one edge of upper plate is shown cut away.) 

able difficulty, but may bo carried out in an apparatus devised by 
Graham Brown (Fig. 28). It consists of two brass plates {a and a!) 
which can be approximated by screws, and whicli have rounded 
apertures in their middles | in. in diameter. These support two rubber 
rings, an upper thinner one (6) and a lower thick one {d), the inner 
diameters being the same as that of the apertures in the plates. Between 



THE COUNTING OF COLONIES 


66 


6 and d is placed a stout cover-glass of suitable size (c) ; d is separated 
from the plate a' by a square plate of glass (e) (a portion of an ordinary 
glass-slide for microscopical purposes does well). Two small metal 
tubes (/) are inserted through the rubber d. Method of use Fix up 
the apparatus as shown above, the screws being just tight enough to 
keep the parts in position, and sterilise in the steam steriliser. Screw 
up more lirmly so as to make the rubber bulge slightly. Fill a 
hypodermic syringe with some sterile glucose bouillon, push the needle 
through the rubber d, and, tilting the ]) 0 'nt of the needle against the 
glass 6*, slowly inject enough to form a drop on the under surface of c. 
Withdraw the syringe and inoculate its point with the bacterium, again 
introduce and inoculate the drop. Pass hydrogen through one of the 
tubes for lifteen minutes, close the ends of the tubes, and incubate at the 
required temperature. The aj)paratus can be put on the stage of a 
microscope and examined from time to time. 

The Counting of Colonies. — An approximate estimate of the 
number of bacteria present in a given amount of a fluid (say, 
water) can be arrived at 
by counting the number 
of colonies which develop 
when that amount is 
added to a tul)c of suit- 
able medium, and the 
latter plated and incu- 
bated. An ordinary plate 
should be used in sucli a 
case, and the medium 
poured out in as rect- 
angular a shape as |)os- 
sible. For the counting, Fig. 29.— Apparatus for counting colonies, 
an apparatus such as is 

shown in Fig, 29 is employed. This consists of a sheet of glass 
ruled into squares as indicated, and supported by its corners on 
wooden blocks. The table to which these blocks are attached 
has a dark surface. The plate-culture containing the colonies 
is laid on the top of the ruled glass. The numbers of colonies 
in, say, twenty of the smaller scjuares, are then counted, and an 
average struck. Tlie total number of squares covered by the 
medium is then taken, and by a simple calculation the total 
number of colonies present can be obtained. Plate-cultures in 
Petri’s dishes are sometimes employed for purposes of count- 
ing. The bottoms of such dishes are, however, never flat, and 
the thickness of the medium thus varies in different parts. 
If these dishes are to be used, a circle of the same size as the 
dish can be drawn with Chinese white on a black card, the 
circumference divided into equal arcs, and radii drawn. The 
5 • 
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dish is then laid on the card, the number of colonies in a 
few of the sectors counted, and an average struck as before. 
In counting colonies it is always best to aid the eye with a small 
hand-lens. 


Method of counting Living Bacteria in a Culture.— This 
is accomplished by putting into practice a dilution method 
such as that described on p. 52. 
^ Measured amounts of high dilutions 
/ are plated, and the numbers of 

I colonies which subsequently develop 

)1 arc counted. In applying such a 

j I method it is necessary to have pii>ettes capable 

W of measuring small quantities of fluid. Those 

250 c. inin. (Jis^jiiarging *05 and T c.c. will be found con- 
225 " venient, and such pipettes can have sub- 

divisions which enable them to be used for 
measuring still smaller fractions of a cubic 
centimetre. Pipettes of this kind can be 
25 obtained at the instrument makers. Wright 

has described a method by which a pipette 
20 " (Fig. 30) for measuring small quantities of 

fluid can be made from ordinary (|uili tubing. 

' S " The method is as follows : — A piece of quill 

tubing about 15 cm. long is drawn out to a 
IQ « capillary stem. A standard 5 c.rnm. pipette 

(such as that of the Gower’s hamiocytometer), 
^ ^ or the pij)ette described later on ]>. 108, is 

filled with mercury and the metal transferred 
2*5 p to the capillary stem and run down to near 

its extremity ; the upper and lower limits of 
the mercury are marked with an oil pencil ; 

is then displaced up the tube 
fittecrSi* iiipple previously distal end is at the proximal 

of the two marks, and a third mark is made 


at the new position of the upper end of the droi)let ; the mani- 
pulation is repeated three more times, and finally the tip of 
the tube beyond the lowest mark is broken off. Thus on the 
capillary part of the pipette we have five divisions, each cap- 
able of holding 5 c.mrn. of fluid. The rest of the pipette is now 
calibrated so as to determine that part capable of containing 
225 c.mm. and 250 c.mm. This is done by placing a rubber 
nipple on the wide end of the pipette and sucking up some 
water tinted with, say, methylene-blue till the 25 c.mm. mark 
is reached; a small air-bubble is then allowed to enter the 
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pipette, then other 25 c.mm. of fluid, then another bubble, and 
so on till nine volumes each of 25 c.mm. have been sucked up. 
A mark is then made on the tube at the upper level of this 
amount, other 25 c.mm. are sucked up, and another mark made. 
The fluid is expelled, the tube dried, and that part containing 
the 225 and 250 marks is drawn out into an almost capillary 
diameter, the manipulation by which the marks were originally 
arrived at is repeated, and thus in the new marks made a more 
accurate calibration for these amounts is attained. In order to 
form a safety chamber a second bulb is formed by drawing out 
the tube a little higher up as in the figure, and finally the upper 
inch or two are bent at right angles to the calibrated limb. In 
doing this a loop may be thrown on the plastic melted capillary 
tube exactly in the way in which a similar loop may be throwji 
on a piece of cord. AVith such a pipette any required dilution 
of a culture can be made on the principles already described. 

Wright’s Method of counting the Bacteria in Dead 
Cultures. — In the making of vaccines for use in AVright’s pro- 
cedures it is necessary to know the total number of bacterial 
cells, whether dead or living, present in a culture, for the dead 
as well as the living contain the toxins which may stimulate 
the therapeutic capacities of the body. The method consists 
in making a mixture of blood (whose content in red blood 
corpuscles is known) with the bacterial culture and comparing 
the number of bacteria with the number of corjuiscles. The 
observer first estimates the red cells in his blood ; a capillary 
pipette with a rubber nipple and with a mark near its capillary 
extremity is then taken, blood is sucked up to tlie mark, then 
an air-bubble, then (according to the empirical estimate the 
observer forms of the strength of his bacterial emulsion) either 
one volume of culture and three volumes of diluting fluid 
'85 per cent sodium chloride) or two of culture and two 
of fluid, and so on ; the five volumes are thoroughly mixed by 
being drawn backwards and forwards in the wide part of the 
pipette, a drop is then blown out on to a slide, and a blood 
film is spread which may be stained by Leishman’s method. 
The bacteria and blood-corpuscles are now separately enumerated 
in a series of fields in different parts of the preparation. If 
a dilution has been taken in which a large number of bacteria 
are present, an artificial field may be used, made by drawing 
with the oil pencil a small square on a circular cover-glass and 
dropping the latter on to the diaphragm of the microscope 
eye-piece. Suppose, now, that the observer’s blood contained 
5,000,000 red cells per c.mm., that one volume of bacterial 
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emulsion and three of diluent had been present in the mixture, 
and that in the fields examined there were 500 red cells and 
600 bacteria. It is evident that in the undiluted culture for 
500 red cells there would have been 2400 bacteria. Now 
500 : 2400 :: 5,000,000 : 24,000,000, which last figure is the 
number of bacteria per c.mm. of the emulsion. 

The Bacteriological Examination of the Blood. — (a) This 
may be done by taking a small drop from the skin surface, e.(/. the 
lobe of the ear. The part should be thoroughly washed with 
1-1000 corrosive siiblimate and dried with sterile cotton wool. 
It is then washed with absolute alcohol to remove the antiseptic, 
drying b(dng allowed to take 2 )lace by eva|)oration. A prick is 
then made with a sterile surgical needle ; the drop of blood is 
caught with a sterile platinum loop and smeared on the surface 
of agar or blood serum. Film pre|>arations for inicroscot>ic 
examination may be made at the same time. It is rare to obtain 
growths from the blood of the human subject by this method 
(vide special chapters), and if colonies appear the procedure 
should be repeated to exclude the possibility of accidental con- 
tamination. 

(b) A larger quantity of blood may be obtained by ])uncture 
of a vein ; this is the only satisfactory method, and should be 
the one followed whenever practicable. The skin over a vein 
in the forearm or on tlie dorsum of the foot having l)een sterilised, 
the vein is made turgid by pressure, and the needle of a syringe 
of 10-15 c.c. capacity, carefully sterilised, is then jdunged 
obliquely through the skin into the lumen of the vessel. Several 
cubic centimetres of blood can thus be withdrawn into the 
syringe. Some of the blood (c.y, 1 c.c.) should be added to small 
flasks containing 50 c.c. of bouillon ; the rest may be used for 
smearing the surface of agar tubes or may be added to melted 
agar at 42° C., Avhich is then plated. The flasks, etc., are then 
incubated. By this method cultures can often be obtained where 
the former method fails, especially in severe conditions such as 
ulcerative endocarditis, streptococcus infection, etc. Part of the 
blood may be incubated by itself for twenty-four hours and cultures 
then made. 

In examining the blood of tlie spleen a portion of the skin 
over the organ is sterilised in the same way, a few drops are 
withdrawn from the organ by a sterile hypodermic syringe and 
cultures made. (For microscopic methods, vide p. 87.) 

Bacteriological Examination of the Cerebro-spinal Fluid- 
Lumbar Puncture. — This diagnostic procedure, which is some- 
times called for in cases of meningitis, can be carried out with 
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a sterilised “antitoxin needle ” as follows. The patient should 
lie on the right side, wdth knees somewhat drawn up and left 
shoulder tilted somewhat forward, so that the back is fully 
exposed. The skin over the lumbar region is then carefully 
sterilised, as above described, and the hands of the operator should 
be similarly treated. The spines of the lumbar vertebrjc having 
l)een counted, the left thumb or forelinger is pressed into the 
space between the 3rd and 4th spines in tlie middle line ; the 
needle is then inserted about half an inch to the right of the 
middle line at this level and pushed through the tissues, its 
course being directed slightly inwards and upwards, till it enters 
the subdural space. When this occurs tiuid passes along 
the needle, sometimes actually s[)urting out, and should be 
received in a sterile test-tube. Several cubic centimetres of 
tiuid can thus usually be obtained, no suction being required ; 
thereafter it can be examined bacteriological! y by the usual 
methods. The depth of the subdural space from the surface 
varies from a little over an inch in cliildren to tliree inches, or 
even more, in adults — the length of the needle must be suited 
accordingly. In making the puncture it is convenient to have 
either a sterile syringe attached, or to have the thick end of 
the needle covered with a pad of sterile wool, which is of course 
removed at once when the fluid begins to flow. It is advisable 
to use the platinum needles which are specially made for the 
purpose, as a sudden movement of the patient may snai) an 
ordinary steel needle. 

The Bacteriological Examination of Urine. — In such an 
examination care must be taken to prevent the contamination 
of the urine by extraneous oi'ganisms. In the male it is usually 
sufficient to wash thoroughly the glans penis and the meatus 
with 1-1000 corrosive sublimate — the lips of the meatus being 
everted for more thorough cleansing. The urine is then passed 
into a series of sterile flasks, the first of which is rejected in 
case contamination has occurred. In the female, after similar 
precautions as regards external cleansing, the catheter must be 
used. The latter must be boiled for half an hour, and anointed 
with olive oil sterilised by half an hour’s exposure in a plugged 
flask to a temperature of 120'" 0, Here, again, it is well to 
reject the urine first passed. It is often advisable to allow the 
urine to stand in a cool place for some hours, to tlien withdraw 
the lower portion with a sterile pipette, to centrifugalise this, 
and to use the urine in the lower parts of the centrifuge tubes 
for microscopic examination or culture. 

Filtration of Cultures. — For many purposes it is necessary 
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to filter all the organisms from fluids in which they may have 
been growing. This is done especially in obtaining the soluble 



toxic products of bac- 
teria. The only filter 
capable of keeping back 
such ininutc bodies as 
bacteria is that formed 
from a tube of unglazed 
porcelain as introduced 
by Chamberland. The 
efiiciency of such a filter 
depends on the fineness 
of the grain of the clay 
from which it is made ; 
the finest is the Kitasato 
filter and the Chamber- 
land “ B ’’ pattern ; the 
next finest is the Cham- 
berland “ F ” pattern, 
which is quite good 
enough for ordinary 


Fia. 31.— Geissler’s vacuum puiup arranged witli work. There are several 


manometer for lilteving cultures. (The tiip filters differino' slightly 
and pump are iiiteutionally drawn to a larger ■ , ‘ 

scale than the manometer board to sliow POSseiM ng 

details.) common principle. 


Sometimes the fluid is 


oforced through tlie porcelain tul)e. In one form the filter 
cnonsists practically of an ordinary taj) screwed into the top 
of a porcelain tulie. Through tlie latter the fluid is forced and 
. passes into a chamber formed by a 
metal cylinder which surrounds the 
porcelain tube. The fluid escapes 
by an aperture at the bottom. Such 
a filter is very suitable for domestic 
use, or for use in surgical operating- 
theatres. As considerable pressure 
is necessary, it is evident it must be 
put on a pipe leading directly from 
the main. Sometimes, when fluids 



to be filtered are very albuminous, 32 , charaberlaud's candle 
they are forced through a porcelain and tlask arranged for filtration, 
cylinder by compressed carbonic 

acid gas. For ordinary bacteriological work, filters of various 
kinds are in the market (such as those of Klein and 
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others), but the most generally convenient is that in which 
the fluid is sucked through the porcelain by exhausting the 
air in the receptacle into which it is to flow. This is con- 
veniently done by means of a Geissler’s water-exhaust pump 
(Fig. 31, fj), which must be fixed to a tap leading directly from 
the main. The connection with the tap must be efifected by 
means of a piece of thick- walled rubber-tubing as short as 
possible, wired on to tap and pump, and firmly lashed externally 
with many turns of strong tape. Before lashing with the tape 
the tube may be strengthened by fixing round it with rubber 
solution strips of the rubbered canvas used for mending punctures 



Fu;. 33. — Chaniberluml’s bougie 
arranged with lamp funnel for 
liltering a small quantity of 
fluid. 



Fio. 34. -Bougie in- 
serted til rough 
rubber stopper 
for same purpose 
as in Fig. 33. 


in the outer case of a bicycle tyre. A manoineter tube (6) and 

a receptacle (c) (the latter to catch any back flow of water from 

the pump if the filter accidentally breaks) are intercepted between 
the filter and the pump. These are usually arranged on a 

board a, as in Fig. .3 1 . Between the tube / and the pump g, 

and between the tube d and the filter, it is convenient to insert 
lengths of flexible lead-tubing connected up at each end with 
short, stout-walled rubber-tubing. 

Filters are arranged in various ways, (a) An apparatus is 
arranged as in Fig. 32. The fluid to be filtered is placed in the 
cylindrical vessel a. Into this a “candle” or “bougie” of 
porcelain dips. From the upper end of the bougie a glass tube 
with thick rubber connections, as in Fig. 32, proceeds to flask h 
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and passes through one of the two perforations with which the 
rubber stopper of the flask is furnished. Through the other 
opening a similar tube proceeds to the exhaust-pninp. When 
the latter is put into action the fluid is sucked through tlie 
porcelain and passes over into flask h. This ap])aratus is very 
good, but not suitable for small quantities of fluid. 

(6) A very good apparatus can be arranged with a lamp 
funnel and the porcelain bougie. These may be fitted up in 
two ways. (1) An india-rubber washer is placed round the 
bougie c at its glazed end iyide Fig. 3d), On this the narrow 
end of the funnel d, which must, of course, be of an appropriate 
size, rests. A broad band of sheet rubber is then wrap]>ed 

round the lower end of the 
h funnel, and the ju’ojecting 

part of the bougie. It is 
firmly wired to tlie funnel 
above and to the bougie 
below. The extreme point 
of the latter is left exposed, 
and the whole a])paratus, 
being supported on a stand, 
is connected by a glass tube 
with the lateral tube of the 
flask h ; the tube a is con- 
nected with the exhaust- 
pump. The fluid to be 
filtered is placed between 

Fia. 35.-Mueiicke’s nioilificatiou of tlic funnel and the bougie 
Chaniberlaiurs filter. in the space e, and is sucked 

through into the flask h. 
(2) This modification is shown in Fig. 34. Into the narrow part 
of the funnel an india-rubber bung is fitted, with a perforation 
in it sufficiently large to receive the candle, which it should grasp 
tightly. 

(c) Muencke’s modification of the Chainberland filter is 
seen in Fig. 35. It consists of a thick-walled flask u, the lower 
part conical, the upper cylindrical, with a strong flange on the 
lip. There are two lateral tubes, one horizontal to connect with 
exhaust-pipe, and one sloping, by which the contents may be 
poured out. Passing into the upper cylindrical part of the flask 
is a hollow porcelain cylinder i, of less diameter than the 
cylindrical part of flask a. It is closed below, open above, and 
rests by a projecting rim on the flange of the flask, an asbestos 
washer, c, being interposed. The fluid to be filtered is placed 
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in the porcelain cylinder, and the whole top covered, as shown 
at /, with an india-rubber cap with a central perforation ; the 
tube d is connected with the exhaust-pump 
and the tube e plugged with a rubber stopper. 
When a large quantity of fluid is to be filtered, 
a receptacle such as that shown in 
Fig. 36 may l)e used. The tap in 
its bottom enables the filtrate to be 
removed without the apparatus 
being unsliipj)ed, but it is difficult 
to get the tap to fit so accurately as not to 
allow air to pas.s into the vacunm chamber. 
For filtering small quantities of fluid the 
apparatus shown in Fig. 37 may be used. 
It consists of a small Chamberland bougie 
fitted by a rubber tube to a funnel, the stem 
of which has been [)assed 
through a rubber cork ; • 'lit 

this cork fits into a tri- 
angular flask with side 
arm for connection with 
exhaust. 

Before any one of 
the above ap})aratus is 
used, it ought to be con- 
nected up as far as pos- 
sible and sterilised in 
the Koch’s steriliser. 

The ends of any im- 
portant unconnected 
parts ouglit to have pieces of cotton wool 
tied over them, After use the bougie is 
to be sterilised in the autoclave, and after 
being dried is to be passed carefully through 
a Bunsen flame, to burn off all organic 
matter. If the latter is allowed to accumu- 
late the pores become filled up. 

The success of filtration must be tested 
by inoculating tubes of media from the 
filtrate, and observing if growth takes place, 
as there may be minute {perforations in the 
candies sufficiently large to allow bacteria 
to pass through. Filtered fluids keep for a long time if the 
openings of the glass vessels in which they are placed are kept 



Fig. 36. — Flask fitted 
with porcelain 
bougie for tilteriug 
large quantities of 
Haul. 



Fro. 37. — Flask for 
filtering small quanti- 
ties of fluid. 
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thoroughly closed, and if these vessels be kept in a cool place in 
the dark. A layer of sterile toluol about half an inch thick 
ought to be run on to the top of the filtered fluid to protect the 
latter from the atmospheric oxygen. 

Instead of being filtered off, the bacteria may be killed by 
various antiseptics, chiefly volatile oils, such as oil of mustard 
(Roux). These oils are stated to have no injurious effect on the 
chemical substances in the fluid, and they may be subsequently 
removed by evaporation. It is not i)racticable to kill the bacteria 
by heat when tlieir soluble products are to be studied, as many 
of the latter are destroyed by a lower temperature than is required 
to kill the bacteria themselves. 

Bacteria can be almost entirely removed from fluid cultures 
by spinning the latter in a centrifuge of very high speed {e.g. 
C. J. Martin’s turbine centrifuge), and this method is sometimes 
adopted in practice. 

The Observation of Bacterial Fermentation of Sugars, etc. 

— The capacity of certain species of bacteria to originate fermenta- 
tions in sugars constitutes an important biological factor. It 
is well to consider this factor in relation to the chemical con- 
stitution of the sugars. These bodies are now known to be (to 
use the definition of Holleman) aldehyde or ketone alcohols 
containing one or more hydroxyl groups, one of which is directly 
linked to a carbon atom in union with carbonyl. The group 
characteristic of a sugar is thus - CHOH - CO - . The sugars are 
divided into monosaccharides or monoses, disaccharidcs (dioses), 
and polysaccharides (polyoses). The members of the last two 
groups may be looked on as derived from the combination of two 
or more molecules of a monosaccharide with the elimination of 
water {e.g. 2C,,Hi20(. = + H^O). 

Monosaccharides . — These are classified according to the 
number of C atoms they contain. The pentoses ordinarily used 
are arabinose (obtained from gum arabic), rhamnose and xylose 
(from wood). Among the hexoses are glucose (dextrose) with 
dextro-rotatory properties. Glucose is an aldehyde alcohol 
(aldose). In fruit there is also a ketone alcohol (kctose) called 
fructose, which from its laevo-rotatory properties is also known 
as laevulose. Other hexoses are mannose (from the vegetable 
ivory nut) and galactose (a hydrolytic derivative of lactose). 

Disaccharides (Cj.jH220jj). — The ordinary members of this 
group are maltose (derived from starch), lactose, and cane sugar 
(sucrose, saccharose). 

Polysaccharides . — Examples are starch, raffinose, inulin (from 
dahlia roots), dextrin, arabin, glycogen, cellulose. 
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If we consider sugars generally from the point of view of 
the capacity of yeast to originate alcoholic fermentation in them, 
we may say that the simpler the constitution of the sugar the 
more easily is it fermented. Thus the monosaccharides are 
more easily acted on by yeast than the di- or polysaccharides. 
Usually an independent process resulting in the splitting of the 
higher into the lower is preliminary to the alcoholic fermentation. 
Thus yeast first inverts cane sugar into glucose and fructose and 
then acts on these products. From what is known it is probable 
that similar facts hold with regard to the action of bacteria. 

Besides sugars other alcohols with large molecules may be 
broken down by bacterial action, and tliese bodies have been 
used for difFerentiating the properties of allied bacteria. Among 
these substances may be mentioned the trihydric alcohol glycerol 
(glycerin), the tetraliydric erythritol and the hexahydric dulcitol 
(dulcite), mannitol (mannite), and sorbitol (sorbite). 

Similarly certain glucosides, such as salicin, coniferin, etc., 
have been used for testing the fermentative properties of 
bacteria. Other substances allied to sugars {e,g. inosite) have 
also been used. 

The end products of bacterial fermentations may be various. 
They differ according to the sugar employed and according to 
the species of bacterium under observation, and frequently a species 
which will ferment one sugar has no effect on another. The sub- 
stances finally produced, speaking roughly, may be alcohols, acids, 
or gaseous bodies (chiefly carbon dioxide, hydrogen, and methane). 
For the estimation of the first groups com[)licated chemical 
procedure may be necessary. The tests usually employed for 
the detection of ordinary fermentative processes depend on two 
kinds of changes, namely {a) the evolution of gases and {b) the 
formation of acids. Generally speaking, we may say that such 
tests are reliable and the methods to be pursued are simple. 
Besides such gases as those named some organisms give rise 
to sulphuretted hydrogen by breaking up the proteid. The 
formation of this gas can be detected by the blackening of lead 
acetate when it is added to the gas-containing medium. 

In testing the effect of a bacterium on a given sugar it is 
essential that this sugar alone be present ; the basis of the 
medium ought therefore to be either peptone solution {v. p. 38) 
or a dextrose-free bouillon {v. infra). The sugar or other 
substance is added in the proportion of from a half to one 
per cent, and care is taken not to overheat during sterilisation. 

To obtain a “dextrose-free'’ bouillon it is usual to inoculate ordinary 
bouillon with some organism, such as b. coli, which is known to ferment 
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dextrose, and allow tlie latter to act for forty-eight hours. The bouillon 
is then filtered and re-sterilised. A sample is tested for another period of 
forty-eight hours with b. coli, to make certain that all the dextrose has 
been removed. If no fresh gas - formation is observed, then to the 
remainder of the bouillon the sugar to be investigated may be added. 
It is preferable that the addition should be made in the form of a sterile 
solution. If the sugar in solid form be placed in tlie bouillon and this 
then sterilised, there is danger that chemical changes may take place 
in the sugar, in consequence of its being heated in the presence of 
substances (such as the alkali) which may act deleterioiisly ujion it ; in 
any case sterilisation should not be at a temperature above 100’ C. 

For the ohfiervation of (jas- formation cither of the following 
methods may be employed : — 

(1) Durham^ s Tubes (Fig. 38, b ). — The plug of a tube which 
contains about one-third more than usual of a li(|uid medium is 
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Fio. 38. — Tubes for demonstrating gas-lbriiiatioii by bacteria. 

n, tube with “sliake” eulturB, 
h, Durliain’s fermtuitntioii tube. 
c, onliiuuy form of lenacntatiou tube. 

removed, and a small test-tube is slipped into the latter mouth 
downwards. The plug is replaced and the tube sterilised thrice 
for ten minutes at 100' C. The air remaining in the smaller 
tube is thereby expelled. The tube i.s then inoculated with the 
bacterium to be tested. Any gas developed collects in the upper 
part of the inner tube. 

(2) The Fermentation Tube (Fig. 38, c). — This consists of a 
^ube of the form shown, and the figure also indicates the extent 
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to which it ought to be filled. It is inoculated in the bend with 
the gas-forming organism, and when growth occurs the gas 
collects in the upper part of the closed limit, the medium being 
displaced into the bulb. 

For the observation of the effect of an organism on glucose 
the following method may be employed : — 

Gclatm Shahe Cultures (Fig. 38, a ). — The gelatin in the tube 
is melted as for making [dates ; wdiile liquid it is inoculated 
with the growth to be observed, and shaken to distribute the 
organisms throughout the jelly. It is then allowed to solidify, 
and is set aside at a suitable temperature. If the bacterium used 
is a gas-forming one, then, as growth occurs, little bubbles appear 
round the colonics. 

In this method the gas-formation results from fermenta- 
tion of the glucose naturally [)resent in the medium from 
transformation of the glycogen of muscle. The amount of 
glucose naturally i)rcsent, however, varies much, ancT therefore 
glucose should be added to tlie medium if the effects on this 
sugar are to be ol)served with certainty. The shake culture 
metliod may be utilised for observing fermentation in other 
sugars by adding to peptone solution containing the sugar 
10-15 per cent of gelatin. 

The deiwlopumit of an add readion is demonstrated by the 
addition of an indicator to the medium, litmus being generally 
used. The details of composition of sucli media have already 
been given. In Hiss’s serum water media the production of 
acid also leads to coagulation of the medium. Sometimes acid 
is formed very slowly from sugars, so that it is well to keep the 
cultures under observation for several days. 

Acid and gas-formation may be simultaneously tested for, by 
[)lacing the fluid medium contaiidng the indicator in Durham’s 
tubes. 

In all tests in which sugars are used a control uninoculated 
tube ought to be incubated w-ith the l)acterial cultures, as changes 
in reaction sometimes spontaneously occur in media containing 
unstable sugars. 

The capacity of an organism to produce acid may be measured 
by taking a standard amount of a fluid medium and allowing 
growth to take place for a standard time, and then adding an 
amount of, say, decinormal soda solution sufficient to bring the 
litmus back to the tint of the original medium. 

The Observation of Indol-formation by Bacteria.— The 
formation of indol from albumin by a bacterium sometimes con- 
stitutes an important specific characteristic. To observe indol 
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production the bacterium is grown, preferably at incubation 
temperature, in a fluid medium containing peptone. The latter 
may either be ordinary bouillon or preferably peptone solution 
(see p. 38). Indol production is recognised by the fact that when 
acted on by nitric acid in the presence of nitrites^ a nitroso-indol 
compound is produced, which has a rosy red colour. Some 
bacteria (e.g. the cholera vibrio) produce nitrites as well as indol, 
but usually in making the test (e.g. in the case of b. coli) the 
nitrites must be added. This is effected by adding to an ordinary 
tube of medium 1 c.c. of a *02 per cent solution of potassium 
nitrite, and testing with pure nitric or sulphuric acid. In any 
case only a droj) of the acid need be added to, say, 10 c.c. of 
medium. If no result be obtained at once it is well to allow 
the tube to stand for an hour, as sometimes the reaction is very 
slowly produced. In many instances incubation at 37" C. for 
several days may be necessary before the presence of indol is 
demonstrable. The amount of indol produced ])y a bacterium 
seems to vary very much with certain unknown qualities of the 
peptone. It is well therefore to test a series of peptones with 
an organism (such as the b. coli) known to produce indol, and 
noting the sample with which the best reaction is obtained, to 
reserve it for making media to be used for the detection of this 
product. 

The Drying of Substances in vacuo.— As many substances, 
for example toxins and antitoxins, with which bacteriology is 
concerned would be destroyed by drying with heat as is done in 
ordinary chemical work, it is necessary to remove the water at 
the ordinary room temperature. This is most quickly effected 
by drying in vacuo in the presence of some substance such as 
strong sulphuric acid which readily takes up water vapour. Tlie 
vacuum produced by a water-pump is here not available, as in 
such a vacuum there must always be water vapour jiresent. An 
air-pumi) is therefore to be employed. Here we have found the 
Geryk pump most efficient, and it has this further advantage, 
that its internal parts are lubricated with an oil of very low 
vapour density so that almost a perfect vacuum is obtainable. 
The apparatus is shown in Fig. 39. The vacuum chamber 
consists of a bell-jar set on a brass plate, A perforation in the 
centre of the latter leads into the pipe a, which can be connected 
by strong-walled rubber-tubing with the air-pump, and which 
can be cut off from the latter by a stop-cock h. In using the 
apparatus the substance to be dried is poured out in fiat dishes 
(one-half of a Petri capsule does very well), and these are stacked 
alternately with similar dishes of strong sulphuric acid on a 
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stand which rests on the brass plate. The edge of the bell-jar 
is well luted with unguentum resinae and placed in position and 
the chamber exhausted. In a few hours, if, as is always advis- 
able, each dish have contained only a thin layer of fluid, the 
drying will be complete. The vacuum is then broken by 
admitting air very slowly through a bye-pass c, and the bell-jar 
is removed. In such an apparatus it is always advisable, as is 
shown in the figure, to have interposed between the pump and 
the vacuum chamber a Woltfs bottle containing sulphuric acid. 
This protects the oil of the pump from contamination with 



water vapour. Whenever the vacuum is [)roduced the rubber- 
tube should be at once disconnected from a, the cock h being 
shut. It is advisable when the apparatus is exhausted to cover 
the vacuum chamber and the Wolfl’’s bottle with wire guards 
covered with strong cloth, in case, under the external pressure, 
the glass vessels give way. 

The Storing and Incubation of Cultures.— Gelatin cultures 
must be grown at a temperature below their melting-point, i.e. 
for 10 per cent gelatin, below 22° C. They are usually kept in 
ordinary rooms, which vary, of course, in temperature at difierent 
times, but which have usually a range of from about 12° C. to 
18° C. Agar and serum media are usually employed to grow 
bacteria at a higher temperature, corresponding to that at which 
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the organisms grow best, usually S?"* C. in the case of 
pathogenic organisms. For the purpose of maintaining a uniform 
temperature incubators are used. These vary much in the 
details of their structure, but all consist of a chamber with 
double walls between which some fluid (water or glycerin and 
water) is placed, which, when raised to a certain temperature, 
ensures a fairly constant distribution of the heat round the 
chamber. The latter is also furnished with double doors, the 
inner being usually of glass. Heat is supplied from a burner 
fixed below. These l)urners vary much in 
design. Sometimes a mechanism devised in 
Koch’s lal)oratory is affixed, which auto- 
matically turns off the gas if the light be 
accidentally extinguished. Between the tap 
supplying the gas, and tlie burner, is inter- 
posed a gas regulator. Such regulators 
vary in design, but for ordinary chambers 
which rec|uire to be ke})t at a constant tem- 
])erature, Reichert’s is as good and simple 
as any and is not ex])ensive. ft is shown 
in Fig. 40. 

It consists of a long tube /closed at the lower 
end, open at the np[)er, and furnislied with two 
lateral tubes. The lower part is filled with 
rnercuiy up to a ])oint above the level of the lower 
lateral tiibe. The end of the latter is closed by a 
brass caj) through which a screw d ]»asses, the 
inner end of which lies free in the niercury. The 
height of the latter in the perpendicular tube can 
thus be varied by increasing or deci-easing the 
capacity of the lateral tube by turning the screw 
a few turns out of or into it. Into the upjter 
o]>eii end of the perpendicular tube fits accurately 
Fig. 40. — Reichert’s a bent tube p, drawn out below to a coni])aratively 

gas regulator. small open point c, and having in its side a 
little above the })oint a minute needle-hole 
called the peephole or bye-pass e. To fix the apparatus the long 
mercury bulb is placed in the jacket of the chamber to be controlled, 
tube a is connected to gas supply, tube h with the burner. The upper 
level of the mercury should be some distance below the lower open end 
of tube c. The burner is now lit. The gas passes in at a through c 
and e and out at b to the burner. When the thermometer in the 
interior of the chamber indicates that the desired temperature has been 
reached, the screw d is turned till the mercury reaches the end of the 
tube c. Gas can only now ])ass through the peephole e, and the flame 
goes down. The contents of the jacket cool, the mercury contracts off 
the end of tube c, and the flame rises. This alternation going on, the 
temperature of the chamber is kept very nearly constant. If the niercury 
cuts off the gas supply before the desired temperature is reached, and 
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the screw d is as far out as it will go, then some of the mercury must be 
removed. Similarly, if when the desired temperature is reached and the 
screw d is as far in as it can go, the mercury does not reach c, some more 
must be introduced. If the amount of gas which passes through the 
peephole is sufficient still to raise the temperature of the chamber when 
c is closed by the rise of the mercury, then the peephole is too large. Tube 
c must be unshipped and c plastered over with sealing-wax, which is 
pricked, while still soft, with a very fine needle. The gas flame, when 
only the peephole is supplying gas, ought to bo sufficiently large not to 
be blown out by small currents of air. If the pressure of gas sujiplied to a 
regulator varies much in the 24 hours a pressure regulator ought to be 
interposed between the gas tap and the instrument. Several varieties of 
these can be obtained. In all cases g ought to be fixed to h with a turn 
of wire. 



Fio. 41. — Hearson’s incubator for use at 37° C. 


The varieties of incubators are, as we have said, numerous. 
The most complicated and expensive are made by German 
manufacturers. Many of these are unsatisfactory. They easily 
get out of order and are difficult to repair. We have found 
those of Hearson of London extremely good, and in proportion 
to their size much cheaper than the German articles. They are 
fitted with an admirable regulator. It is preferable in using an 
incubator to connect the regulator with the gas supply and with 
the Bunsen by flexible metal tubing. It is necessary to see that 
there is not too much evaporation from the surface of cultures 
placed within incubators, otherwise they may quickly dry up. 
It is thus advisable to raise the amount of water vapour in the 
interior by having in the bottom of the incubator a flat dish full 
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of water from which evaporation may take place. Tubes which 
will require to be long in the incubator should have their plugs 
covered either by india-rubber caps or by pieces of slieet rubber 
tied over them. These caps should be previously sterilised in 
1-1000 corrosive sublimate and then dried. Before they are 
placed on the tubes the cotton-wool plug ought to be well singed 
in a flame. “ Cool” incubators are often used for incubating 
gelatin at 21° to 22" C. x\n incubator of this kind fitted with a 
low-temperature Hearson’s regulator is in the market. 

Method of mounting Bacterial Cultures as Permanent 
Museum Specimens. (Richard Muir). — (a) Stab or stroke 
cultures in nutrient gelatin or agar media. — When the culture 
shows tyj)ical characters, further growth is arrested by placing 
tube in a formol vapour chambtn*, or by saturating the cotton- 
wool plug with strong formalin. Then leave for a day or two. 
Make up following : — 

(1) Thymol Water (satiirat(!<l in cold) . . . 100 (;.e. 

Glycerin 20 c.c. 

Acetate of rt)tash e grams. 

'Coigiiet’s (gold label) Gelatin . . . 10 grams. 

Render the mixture acid to litmus with acetic acid ; clear with white 
of egg and filter. 

Warm to about 40" C., and removing cotton-w^K)! ])lug from 
culture take a little of the preserving fluid in a ])ipette and 
allow to run gently over surface of medium in tube. Place in 
such a i)osition that a thin layer of the pi'eserving medium 
remains completely covering the growtli and the surface of 
culture medium. The gelatin is now allowed to solidify. Add 
three or four drops of strong formalin to the tube and fill up to 
within a quarter of an inch of the top of the tul)e with the 
following fluid : — 

(2) Thymol Water (.saturated in cold) . . . 100 c.c. 

Glycerin 20 (^.c. 

Acetate of Potash 5 grani.s. 

Cover top of tube wdth a small piece of paper so as to keep 
out dust, allow to stand for a day or two so that small air-bells 
may rise to the surface. 

To seal tube, pour melted paraffin gently on to the surface 
of fluid to near the top of tube ; allow' to solidify. Cover paraffin 
with layer' of alcoholic orange shellac cement; allow this to set 
and repeat until the cement becomes level wdth top of test tube. 
When set, a few drops of black lacquer are put on and a circular 
cover-glass of about the same diameter as the mouth of tube is 
placed so as completely to seal it. 
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(/>) The following method is useful for preserving plate cultures. 
Instead of making the cultures in Petri’s capsules, use ordinary 
watch-glasses. The watch-glass is sterilised in a Petri’s capsule, 
and the inoculated medium is poured out into the watch-glass, 
allowed to solidify in the usual way, and left in the Petri’s cap- 
sule until the colonies of growth have developed. The watch- 
glass is now removed fi'om ca})sule and a layer of the preserving 
gelatin medium (1), to which have been added a few drops of 
strong formalin, is allowed to sju'cad over the surface of the culture 
medium. When the layer is solidified the watch-glass is filled up 
witli the same, and a clean square or oblong piece of glass 
(which of course sliould be of slightly larger diameter than the 
watch-glass) is now carefully placed over wat(*h-glass, care being 
taken that no air-bells arc formed. The edge of watch-glass 
should be closely ap})lie<l to the glass cover and left in position 
until the gelatin has solidified. The sujHnhuous gelatin is now 
removed, and the glasses sealed first with tlie orange shellac 
cement, then with black lac(|uer. It is now finished off by 
using a circular mask of suitable size. 

The various kinds of solid media used in the cultivation of 
bacteria, such as blood serum, potato, bread paste, etc., can be 
treated in the same manner with excellent results. 

General Laboratory Rules. — On tlie working bench of every 
bacteriologist there should l)c a large dish of 1-1000 solution of 
mercuric chloride in water. Into this all tubes, vessels, j)lates, 
hanging-dr()|) cultures, etc., which have contained bacteria and 
with which lie has finished, ought to be at once jilungcd (in the 
case of tubes the tube and jdug should be juit in separately). 
On no account whatever are smdi infected articles to be left 
lying about the laboratory. The basin is to be rej^eatedly 
cleaned out. iVll the glass is caj'efully washed in repeated 
changes of tap water to. remove the last trace of [)erchloride of 
mercury, a very minute (piantity of which is sufficient to inhibit 
growth. Old cultures which have been stored for a time and 
from which fresh sub-cultures have been made ought to be 
steamed in the Koch’s steriliser for two or three hours, or in the 
autoclave for a shorter period, and the tul.)es thoroughly washed 
out. Besides a basin of mercuric chloride solution for infected 
ai)])aratus, etc., there ought to be a second reserved for the 
worker’s hands in case of any accidental contamination. When, 
as in public-health work, a large nundjer of tul)es are being 
daily put out of use, they may be placed in an enamelled slop- 
pail and this when full is placed in the steam steriliser. 

A white glazed tile on which a bell-jar can be set is very 
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convenient to have on a bench. Infective material in watch- 
glasses can be placed thus under cover while investigation is 
going on, and if anything is spilled the whole can be easily 
disinfected. In making examinations of organs containing 
virulent bacteria, the hands should be previously dipped in 
1-1000 mercuric chloride and allowed to remain wet with this 
solution. No food ought to be ]>artaken of in the laboratory, 
and pipes, etc., are not to be laid witli their mouth-pieces on 
the bench. No label is to be licked with the tongue. Before 
leaving the laboratory the bacteriologist ought to wash the 
hands and forearms with 1-1000 mercuric chloride and then 
with yellow soaj). In the case of any Iluid containing bacteria 
being accidentally spilt on the bench or floor, 1-1000 mercuric 
chloride is to l)e at once poured on the spot. The air of the 
laboratory ought to l)e kept as quiet as i)ossible. 



CHAPTER III. 

MicRosooi'ic mi<:th()])S ~(!eneral bacterio- 
logical mAGNOSIS-lNOCULATION OF ANIMALS, 

The Microscope. —For ordinary bacteriological work a good 
microscope is essential. It ought to liave a heavy stand, with 
rack and iiinion and fine adjii.stment, a double mirror (fiat on 
one side, concave on tlic other), a good condenser, with an iris 
diaphragm, and a trijde iiose-jiiece. It is liest to have three 
objectives, either Zeiss A, L), and /„-incli oil immersion, or the 
lenses of other makers corres})onding to these. The oil immer- 
sion lens is essential. It is well to have two cyo-})ieces, say 
Nos. 2 and 4 of Zeiss or lenses of corresponding strengths. 
The student must be tliorouglily familiar with the focussing of 
the light on the lens by means of the condenser, and also with 
the use of the immersion lens. It may here be remarked that 
when it is desired to bring out in sharp relief the margins of 
unstained objects, c.//. living bacteria in a fluid, a narrow 
a|)erture of the diaphragm should be u.sed, whereas, in the case 
of stained bacteria, wlien a jmre colour picture is desired, the 
diaphragm ought to lie widely opened. The flat side of the 
mirror ought to be used along with the condenser. When the 
observer has finished for the time being with the immersion lens 
lie ought to wipe off the oil with a piece of silk or very fine 
washed linen. If the oil has dried on the lens it may be 
moistened witli xylol — never with alcohol, which will dissolve 
the material by which the lens is fixed in its metal carrier. 

Microscopic Examination of Bacteria. 1. Hanging -drop 
Preparations. — Micro-organisms may be examined : (1) alive or 
dead in fluids ; (2) in film preparations ; (3) in sections of 
tissues. In the two last cases advantage is always taken of the 
affinity of bacteria for certain stains. When they are to be 
examined in fluids a drop of the liquid may be placed on a slide 
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and covered with a cover-glass.^ It is more usual, however, to 
employ hanging-drop preparations. The techni(jue of making 
these has already been described (p. 63). In examining them 
microscopidilly, it is necessary to use a very small diaplmagm. 
It is best to focus the edge of the dro}) witli a low-iK)wer 
objective, and, arranging the slide so that part of the edge 
crosses the centre of the field, to clani]) the |>rei)aratioii in this 
position. A liigh-power lens is then turned into position and 
lowered by the coarse adjustment to a short distance above its 
focal distance ; it is now carefully screwed down l)y the line 
adjustment, the eye being kept at the tube meanAvhile. The 
shadow of the edge will be first recognised, and tljen the l)acteria 
must be carefully looktal for.’ Often a dry lens is sufficient, but 
for some purposes tlie oil immersion is required. If the bacteria 
are small and motile a begimuu' may have great difficulty in 
seeing them, and it is well to i>ractise at first on some large non- 
motile form such as antlirax. In fluid ])re]iarations the natural 
apjiearaiK’e of l)ac,teria may lx? studied, and thm’r rate of growth 
determined. The great use of such ]>re}>arations, however, is to 
find whethc'r or not the bacteria are motih*, and for determining 
this ])oint it is advisable to use eithei’ broth or agar cultures not 
more than twenty-fVnir liours old. In the latter case a small 
fragment of growth is broken down in broth or in sterile water. 
Hometimes it is an advantage to colour the solution iii wliieli 
the liaiigiiig-drop is made up with a minute quantity of an 
aniline dye, say a small crystal of gentian violet to 100 c.e. of 
bouillon. Snell a degree of dilution will not liave any ellect on 
the vitality of the Iracteria. Ordinarily, living bacteria will not 
take lip a stain, but even though they do not, the contrast 
between tlie unstained bacteria and the tinted tluid will enable 
tlie observer more easily to I’ecognise tlieiii. 

2. Film Preparations, (u) Dry Method . — This is the most 
extensively applicable method of microseo}>ically examining 
bacteria. Fluids containing bacteria, such as Idood, ])us, 
scraiiings of organs, can be thus investigated, as also cultures 
in fluid and solid media. The first requisite is a }>erfectly clean 
cover-glass. Many methods are recommended for obtaining 
such. The test of this being accomplished is that, when the 
drop of fluid containing the bacteria is })laced upon the glass, it 
can be uniformly s|)read with the platinum needle all over the 
surface without showing any tendency to retract into dro])lets. 

^ In bacteriologiciil work it is essential that cover-glasses of No. 1 thick- 
ness {i.e. ‘14 mm. thick) should he used, as those of greater thickness are not 
suitable for a 
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Tlie best method is that recommended by Van Ermengem. The 
cover-glasses are placed for some time in a mixture of con- 
centrated sulphuric acid 6 i)arts, potassium bichromate 6 parts, 
water 100 parts, then washed thorouglily in water and stored in 
absolute alcohol. For use, a cover-glass is either dried by 
wiping with a clean cluster or is simply allowed to dry. This 
method will amply rej^ay the trouble, and really saves time in 
the end. A clean cover having been obtaineci, the film jae- 
paration can now be made. If a fluid is to be examined a 
loopful may be jdaccd on the cover -glass, and either s|)read 
out over the surface with the needle, or another clean cover 
may be placed on the toj) of the first, the dro]) thus spread 
out betwtjcn them and the two then drawn a[>art. When 
a culture on a solid medium is to be examined a loopful of 
distilled water is placed on the 


-( 'onuit’s I'orccps for holiling 


cover-glass and a minute i>ar- ^ 

tide of growth rubbed up in it 

and spread over the glass. Tlie VHT — j 

great mistake made bv l)egin- 

ners is to take too imic'l, of tlie » l.oWii.g 

growth. The jioint of the 

straight needle should just touch the surface; of tlie culture, and 
when tills is rublied up in the droi>let of water and the film dried, 
there siiould be an oiiacjue cloud just visible on the cover-glass. 
When the film has lieeii s] tread it must next Ite dried by being 
waved backwards and forwards at arm’sdeugtli above a Jhinsen 
flame. The film must then he fixed on the glass by being 
passed three or four times slow^ly through the flame. In doing 
this a good jtlan is to liold the cover-glass betw^een the right 
forefinger and thumb ; if the fingcjrs just escape being burned 
no harm will accrue to the bacteria in tlie film. 


In making films of a thick fluid sucli as pus it is best to 
s|)read it out on one cover with the needle. The result will be 
a film of irregular thickness, but sufficueritly thin at many parts 
for j)ro[>er examination. Scrapings of organs may be smeared 
directly on the cover-glasses. 

In the case of Idood, a fairly large drop should be allowed to 
sjiread itself betw^een two clean cover-glasses, which are then to 
be slipped a})art, and being held between the forefinger and 
thumb are to be dried by a rapid to-and-fro movement in the 
air. A film prepared in this way may be too thick at one edge, 
but at the other is beautifully thin. If it is desired to preserve 
the red blood corpuscles in such a film it may be fixed by one 
of the following methods : by being placed (a) in a hot-air 
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chamber at 120“ C. for half an hour, (b) in a mixture of equal 
parts of alcohol and ether for half an hour, then washed and 
dried, (c) in forrnol-alcohol (Gulland) (formalin 1 part, absolute 
alcohol 9 parts) for five minutes, then washed and dried, or (d) 
in a saturated solution of corrosive sublimate for two or three 
minutes, then washed well in running water and dried. (Fig. 71 
shows a film prepared by the last method.) In using the 
Rornanowsky stains no previous fixation is necessary (vide infra). 
In the case of urine^ the specimen must be allowed to stand, and 
films made from any dei)osit which occurs ; or, what is still 
better, the urine is centrifugalised, and films made from the 
deposit which forms. After dried films are thus made from 
urine it is an advantage to i)lace a dro[) of distilled water on the 
film and heat gently to dissolve the deposit of salts ; then wash 
in water and dry. In this way a much clearer picture is 
obtained when the })re})aration is stained. 

Within recent years it has become common to make, blood 
films on ordinary microscopic slides instead of upon cover- 
glasses. Here the slides must be clean. Tliis can bo effected by 
washing thoroughly first with weak alkali and then with water 
and storing in alcohol. For use, a slide is taken from the 
alcohol and tlie fluid adhering to it set on fire and allowed to 
burn off, a dry clean slide l)eing thus ol)taiiu'd. To make a film 
on such, a small drop of blood is placed near one end, the edge 
of a second clean slide is lowered through the drop on to the 
surface of the glass on whicli the blood has been placed. This 
second slide is held at an angle to the first, on which it rests by 
its edge. The droj)let of blood by cai)illarity spreads itself in 
the angle between the two slides. The edge of the second slide is 
then stroked along the surface of the first slide, and in this 
procedure the blood is sjiread out in a film wliose thickness can 
be regulated by the angle formed by the second slide. Large- 
sized films can thus be olitained, and when these are stained they 
are often examined without any cover-glass being placed upon 
them. A drop of cedar oil is placed on the preparation, and 
after use this can be removed l>y the careful application of 
xylol. 

Films dried and fixed by the above methods are now ready to 
be stained by the methods to be described lielow. 

(h) Wet Method . — If it is desired to examine the fine 
histological structure of the cells of a discharge as well as to 
investigate the bacteria present, it is advisable to substitute 
“ wet ” films for the “ dried ” films, the preparation of wLich has 
been described. The nuclear structure, mitotic figures, etc., are 
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by this method well preserved, whereas these are considerably 
distorted in dried films. The initial stages in the preparation of 
wet films are the same as above, but instead of being dried in 
air they are placed, while still wet, film downwards in the 
fixative. The following are some of the best fixing methods : — 

(a) A saturated solution of perchlorido of mercury in '7b per cent 
sodium cliloi'ide ; fix for five minutes. Then place the films for half an 
hour, with occasional gentle shaking, in 75 per cent sodium chloride 
solution to wash out the corrosive sublimate ; tney are thereafter washed 
in successive strengths of methylated spirit. After this treatment the 
lilms are stained and treated as if they were sections. 

(b) Forinol-alcohol-— formalin 1 part, absolute alcohol 9. Fix films 
for three minutes ; then wasii well in meihylated spirit. This is an 
excellent and very rapid method. 

(c) Another excellent method of fixing has been devised by Gulland. 
The fixing solution has the conijiosition— absolute alcohol 25 c.c., pure 
ether 25 c.c., alcoholic solution of corro.sivo sublimate (2 grm. in 10 c.c. 
of alcohol) about 5 drop.s. The films are placed in this solution for five 
minutes or longer. They are then washed well in water, and are ready 
for staining. A contrast stain can be applied at the same time as the 
fixing solution, by saturating the 25 e.c. of alcohol with eo.sin before 
mixing. Thereafter the bacteria, etc., may be stained with rriothyleiie- 
blue or other stain, as described below. This method hastlie advantage 
over (a) tliat, as a small amount of corrosive sublimate is used, less 
washing is necessary to remove it from the preparation, and deposits are 
less liable to occur. 

3. Examination of Bacteria in Tissues, the examina- 
tion of bacteria in the tissues, the latter must lie fixed and 
hardened, in i)re])aration for being cut with a microtome. 
Fixation consists in so treating a tissue that it shall permanently 
maintain, as far as possible, the condition it was in wlien re- 
moved from the body. Hardening consivsts in giving such a 
fixed tissue sufficient consi-stence to enable a thin section of it 
to be cut. A tissue, after being liardened, may be cut in a 
freezing microtome (c,//. Cathcart’s or one of the newer instru- 
ments in wliich the freezing is accornjdished by coiiijiressed 
carbonic acid gas), but far finer results can be obtained by 
embedding the tissue in solid paraffin and cutting with some of 
the more delicate microtomes of which, for jiathological purposes, 
the small CandDridge rocker is by far the best. F'or bacterio- 
logical pur])oscs embedding in celloidin is not advisable, as the 
celloidin takes on tlie aniline dyes which are used for staining 
bacteria, and is apt thus to spoil the prepiaration, and besides 
thinner sections can lx; obtained by the paraffin method. 

The Fixation and Hardening of Tissues. — The following 
are amongst the best methods for bacteriological purpo.ses : — 

(a) Absolute alcohol may be used for the double purpose of fixing and 
hardening. If the piece of tissue is not more than ^ inch in thickness it 
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is sufficient to keep it in this reagent for a few hours. If the pieces 
are thicker a longer exposure is necessary, and in such cases it is better 
to change the alcoliol at the end of the first twenty-four hours. The 
tissue must be tough without being hard, and the necessary consistence, 
as estimated by feeling with the lingers, can only be judged of after 
some experience. If the tissues are not to be cut at once, they may be 
preserved in 50 per cent spirit. 

(6) Formol-almhol — formalin 1, absolute alcohol 9. Fix for not more 
than twenty-four hours ; then place in absolute alcohol if the tissue is 
to be embedded at once, in 50 per cent sjtirit if it is to be kej)t for some 
time. For small pieces of tissue fixation for twelve hours or even less is 
sullicient. Tlie method is a rajiid and very satisfactoiy one, 

(c) Corrosive mblimate is an excellent lixing agent. It is best used 
as a saturated solution in *75 per cent sodium (dilorido solution. Dis- 
solve the sublimate in the salt solution by heat ; the ,se])aration of 
crystals on cooling shows that the solution is saturated. For small 

i iieces of tissue ^ inch in thiekne.ss, twelve hour.s’ immersion is sullicient. 
f the pieces are larger, twenty-four hours is necessary. They should 
then be tied uji in a {liece of gauze, and placed in a stream of running 
water for* from twelve to twamty-four hours, according to the size of the 
pieces, to wash out the excess of sublimate. Tiny are then placed for 
twenty-four hours in each of the following strengths of methylated 
spirit (free from miphtha^): JIG per cent, GO per cent, and 90 ]ier cent. 
Finally tliey ai'c jilaced in absolute alcohol lor twenty-four hours and 
are then ready to lie prepared for cutting. 

If the tissue is very small, as in the case of minute pieces removed 
for diagnosis, the stages may be all eomjiressed into twenty-four houns. 
In fact after fixation in corrosive the tissm* may be transferred directly 
to absolute alcohol, the ]>crchloride of mercury being removed after the 
sections are cut, a.s will bo afterwards desc.ribed. 

{d) MelhyhiU'd *S)rir/7,— Small }»ieces of tissu(‘ may be ])laced in 
methylated sj>irit, which is to be changed after the lirst day. In from 
six to seven days they will bo hardened. If the jtieces are large, a 
longer time is necessary. 


The Cutting of Sections.-— I. Bif Mmvs of the Freezing 
Pieces of tissue hardened l»y any of the altove 
methods must have all the alcoliol removed from them l»y wash- 
ing in running water for twenty-four hours. They are then 
placed for from twelve to twenty-four hours (according to tlieir 
size) in a thick syrupy solution containing two jiarts of gum 
arabic and one part of sugar. They are tlieii cut on a freezing 
microtome tiiid jilaced for a few* hours in a bowd of water so that 
the gum and syru}) may dissolve out. They are then stained or 
they may lie stored in methylated spirit. 

^ In Britain ordinary eommereial methylated .spirit has wood naphtha 
added to it to discourage its being lused as a beverage. Tlie naphtha being 
insoluble in water a milky Huid results from the dilution of the spirit. By 
law, chemists can only sell 8 ounces of pure spirit at a time. Moat patho- 
logical laboratories are, however, licensed by the Excise to Iniy “industrial 
spirit.” which contains only one-nineteenth of wood uaplitha. 
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2. Embedding and Cutting in Solid Parapn.—HhxB method 
gives by far the finest results, and should always be adopted 
when practicable. The j)rinciple is the iini)regnation of the 
tissue with paraffin in the melted state. This ])araftin when it 
solidifies gives support to all the tissue elements. The method 
involves that, after hardening, tlie tissue sliall be thoroughly 
dehydrated, and then thoroughly permeated by some solvent 
of })aratiin which will expel tlie dehydrating fluid and ]U'('|)are 
for the entrance of the parathii. The solvents most in use are 
chloroform, cedar oil, xylol, and turpentine ; of tlu*se chloroform 
and cedar oil are the best, tlie former being jtreferred as it j)er- 
meates the tissue more rayiidly. The more gradually the tissues 
are changed from reagent t.o reagent in the processes to be gone 
tlirougli, the more siKtcessful is the result. A necessity of the 
process is an oven with liot-water jackid, in which the iiaraflin 
can be kept at a constant tem|)erature just above its melting- 
]K)int, a gas regulator, c.//. lleichert’s, being of course necessary, 
The tissues occurring in ])athoIogical work have a, tendency to 
liecome brittle if overheated, juid therefore the best results are 
not obtained by using })araftin melting about 58" C., such, as is 
emjdoyed in most biological laboratories. We have userl for 
some years a mixture of one part of paraffin, melting at 48", and 
two parts of paraffin melting at 54 ' C. This mixture lias a 
me]ting-})oint lietween 52" and 5.‘T C., and it serves all ordinary 
purposes well. An excellent (luality of paraflin is that knowui 
as the “Cambridge })arafiin,” but many scientific-instrument 
makers supply jiarafHiis which, for ordinary purposes, are (juitc 
as good, and much cheaper. /Jdie successive stejis in tlie jirocess 
of paraflin embedding are as follows : — 

1. Pieces of tissue, liovvever luirdened, are placed in fresh a]>Holute 
alcoliol lor twenty-four liours in order to tlieir coniplete deliydration. 

2. Transfer now to a mixture ol' e<pial [»ai'ts of absolute aleoliol and 
eliloi'oform for twenty-four hours. 

d. Transfer to pure chloroform for twenty-four hours or longer. At 
the end of this time the tissues should sink or float heavily. 

4. Transfer now to a mixture of equal paits of chloroform iiiid parafliii 
and place on the top of tiie ovum for from twelve to twenty-four hours. 
If tlie temperature there is not siifJieieiit to keep the mixture molted 
then they must be ]iut inside. 

r>. Place in pure melted |>.'iraflin in the oven for twimty-fonr hours, 
h or lioiding the paraffin containing tlie tissues, small tin dishes such as are 
used by jiastry-cooks will he found very suitable. There inuat be a 
considerable excess of paraflin over the bulk of tissue present, otherwise 
sufficient chloroibrm will be present to vitiate the final result and not 
give the perfectly hard block obtained with ]uire paralfin. With ex- 
perience, the persistence of the slightest trace of cliloroform can be 
recognised by smell. 
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In the case of very small pieces of tissue the time given for each stage 
may be much shortened, and where haste is desirable Nos. 2 and 4 may 
be omitted. Otherwise it is better to carry out the process as de- 
scribed. When it is advisable to avoid all shrinkage it is well to change 
the paraffin every few hours during the embedding process. 

^ 6. Cast the tissues in blocks of paraffin as follows : Pairs of L-shaped 
pieces of metal made for the purpose by instrument makers must be at 
hand. By laying two of these together on a glass plate, a rectangular 
trough is formed. This is filled with melted paraftin taken from a stock 
in a separate dish. In it is immersed the piece of tissue, which is lifted 
out of its pure paraffin bath with heated forceps. Tlie direction in 
which it is to be cut must be noted before the paraffin becomes o[)aque. 
When the iiaraffin has begun to set, the glass plate and trough have 
cold water run over them. When the block is cold, the metal L’s are 
broken off, and, its edges having been pared, it is stored in a pill-box. 

The Cutt'mg of Paraffin ^Sections . — Sections must be cut as 
thin as possible, the Cambridge rocking microtome being, on 
the whole, most suitable. They should not exceed 8 /x in thick- 




Fia. 43.— Needle with square of paper on end for manipulating paraffin 
sections. 

ness, and ought, if possible, to be about 4 /x. For their mani- 
pulation it is best to have two needles on handles, two camelV 
hair brushes on handles, and a needle with a rectangle of stiff 
writing paper fixed on it as in the diagram (Fig. 43). When 
cut, sections are floated on the surface of a beaker of water kept 
at a temperature about 10° C. below the melting-point of the 
paraffin. On the surface of the warm water they become perfectly 
flat. 

Fixation on Ordinary Slides, (a) Gulland's Method.— k siipplv of 
slides well cleaned being at hand, one of them is thrust obliquely into 
the water below the section, a corner of the section is fixed on it with a 
needle and the slide withdrawn. The surplus of water being wiped oft' 
with a cloth, the slide is placed on a support, with the section down- 
wards, and allowed to remain on tlie top of the paraffin oven or in a 
bacteriological incubator for from twelve to twenty-four hours. It will 
then be sufficiently fixed on the slide to withstand all the manipulations 
necessary during staining and mounting. 

{h) Fixation by Mann's Method. --This has the advantage of being 
more rapid than the previous one. A solution of albumin is prepared 
bv mixing the white of a fresh egg with ten parts of distilled water and 
filtering. Slides are made perfectly clean with alcohol. One is dipped 
into the solution and its edge is then drawn over one surface of another 
slide so as to leave on it a thin film of albumin. This is repeated with 
the others. As each is thus coated, it is leant, with the film down- 
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wards, on a ledge till dry, a|id then the slides are stored in a wide 
stoppered jar till needed. The floating out is performed as before. 
The albuminised side of the slide is easily recognised by the fact that if 
it is breathed on, the breath does not condense on it. The great 
advantage of this method is that the section is fixed after twenty to 
thirty minutes’ drying at 37“ C. If the tissue has been hardened in any 
of the bichromate solutions and embedded in paraffin, this or some 
corresponding method of fixing the sections on the slide must be used. 

Freparation of Paraffin Sections far Staining. — Before stain- 
ing, the paraffin must be removed from the section. This is 
best done by dropping on xylol out of a drop bottle. When the 
paraffin is dissolved out, the superfluous xylol is wiped off with 
a cloth and a little absolute alcohol dropped on. When the 
xylol is removed the superfluous alcohol is wiped off and a 
little 50 per cent methylated spirit dropped on. During these 
procedures sections must on no account be allowed to dry. 
The sections are now ready to be stained. Deposits of crystals 
of corrosive sublimate often occur in sections which have been 
fixed by this reagent. These can be removed by placing the 
sections, before staining, for a few minutes in equal parts of 
Gram’s iodine solution (p. 99) and water, and then washing out 
the iodine with methylated spirit. 

To save repetition we shall in treating of stains suppose that, 
with paraffin sections, the above preliminary steps have already 
been taken, and further that sections cut by a freezing microtome 
are also in spirit and water. 

Dehydration and Clearing. — It is convenient, first of all, to 
indicate the final steps to be taken after a specimen is stained. 
Dry films after being stained are washed in water, dried and 
mounted in xylol balsam; ivet films and sections must be 
dehydrated, cleared, and then mounted in xylol balsam. 

Dehydration is most commonly effected with absolute alcohol. 
Alcohol, how^ever, sometimes decolorises the stained organisms 
more than is desirable, and therefore Weigert devised the 
following method of dehydrating and clearing by aniline oil, 
which, though it may decolorise somewhat, does not do so to the 
same extent as alcohol. As much as possible of the water being 
removed, the section placed on a slide is partially dried by 
draining with fine blotting-paper. Some aniline oil is placed on 
the section and the slide moved to and fro. The section is 
dehydrated and becomes clear. The process may be accelerated 
by heating gently. The preparation is then treated with a 
mixture of two parts of aniline oil and one part of xylol, and 
then with xylol alone, after which it is mounted in xylol balsam. 
Balsam as ordinarily supplied has often an acid reaction, and 
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preparations stained with aniline dyes are apt to fade when 
mounted in it. It is accordingly a great advantage to use the 
acid-free balsam supplied by Griibler. Paraffin sections can 
usually be dehydrated and cleared by the mixture of aniline oil 
and xylol alone. 

Sections stained for bacteria should always be cleared^ at 
least finally, in xylol, for the same reason that xylol balsam is 
to be used for mounting films, viz. that it dissolves out aniline 
dyes less readily than such clearing reagents as clove oil, etc. 
Xylol, however, requires the previous dehydration to have been 
more complete than clove oil, which will clear a section readily 
when the dehydration has been only partially effected by, say, 
methylated spirit. If a little decolorisation of a section is still 
required before mounting, clove oil may be used to commence 
the clearing, the process being finished witli xylol. With a little 
experience the progress, not only of these processes but also of 
staining, can be very accurately judged of by observing the 
appearances under a low objective. 


The Stainino of Bacteria. 

Staining Principles. — To speak generally, the protoplasm of 
bacteria reacts to stains in a manner similar to the nuclear 
chromatin, though sometimes more and sometimes less actively. 
The bacterial stains par excellence are the basic aniline dyes. 
These dyes are more or less complicated compounds derived 
from the coal-tar product aniline (Cdllg . NIT,). Many of them 
have the constitution of salts. Such compounds are divided 
into two groups according as the staining action depends on the 
basic or the acid portion of the molecule. Thus the acetate of 
rosaniline derives its staining action from the rosaniline. It is 
therefore called a basic aniline dye. On the other hand, 
ammonium picrate owes its action to the picric acid part of the 
molecule. It is therefore termed an acid aniline dye. These 
two groups have affinities for different parts of the animal cell. 
The basic stains have a special affinity for the nuclear chromatin, 
the acid for the protoplasm and various formed elements. Thus 
it is that the former — the basic aniline dyes — are especially the 
'bacterial stains. 

The number of basic aniline stains is very large. Tlie following are 
the most commonly used : — 

Violet Stains. — Methyl- violet, R-5R (synonyms ; Holfmaun’s violet, 
dahlia). 

Gentian-violet (synonyms ; benzyl-violet, Pyoktanin). 
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Crystal violet. 

Blue Methykne-blue^ (synonym : phenylene-blue). 

Victoria-blue. 

Thionin-blue. 

Red Stains . — Basic fuchsin (synonyms : basic rubin, magenta), 

Safranin (synonyms : fuchsia, Girofl^). 

Brown Stain . — Bismarck - brown (synonyms : vesiivin, plienylene- 
brown). 

It is of the greatest importance that the stains used by the 
baTcteriologist should be good, and therefore it is advisable to 
obtain those prepared by Griibler of Leipzig. One is then 
perfectly sure that one has got the right stain. 

Of the stains specified, the violets and reds are the most 
intense in action, esp)ecially the former. It is thus easy in using 
them to overstain a specimen. Of the blues, inethylene-blue 
probably gives the best differentiation of structure, and it is 
difficult to over.staiu with it. Thionin-blue also gives good 
differentiation and does not readily overstain. Its tone is deeper 
than that of methylene-blue and it approaches the violets in tint. 
Bismarck- brown is a weak stain, but is useful for some purposes. 
Formerly it was much used in photomicrographic work, as it 
was less actinic than the other stains. It is not, however, 
needed now, on account of the improved sensitiveness of plates. 

It is most convenient to keep saturated alcoholic solutions 
of the stains made up, and for use to filter a little into about 
ten times its bulk of distilled water in a watch-glass. A solution 
of good body is thus obtained. Most bacteria (except those of 
tubercle, leprosy, and a few others) will stain in a short time in 
such a fluid. Watery solutions may also be made up, e.g. a 
satuj’ated watery solution of methylene-blue or a 1 per cent 
solution of gentian- violet. Stains must always be filtered before 
use ; otherwise there may be deposited on the preparation 
granules which it is impossible to wash oft’. The violet stains in 
solution in water have a great tendency to • decompose. Only 
small quantities should therefore be prepared at a time. 

The Staining of Cover-glass Films . — Films are made from 
vultures as described above. The cover-glass may be floated on 
the surface of the stain in a watch-glass, or the cover-glass held in 
forceps with film side uppermost may have as much stain poured 
on it as it will hold. When the preparation has been exposed for 
the requisite time, usually a few minutes, it is well washed in 
tap water in a bowl, or with distilled water with such a simple 
contrivance as that figured (Fig. 44). The figure explains itself. 

^ This is to be distinguished from niethyl-blue, which is a different com* 
pbund. 
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When the film has been washed the surplus of water is drawn 
off with a piece of filter-paper, the preparation is carefully dried 
high over a flame, a drop of xylol balsam is applied, and the 
cover-glass mounted on a slide. It is sometimes advantageous 
to examine films in a drop of water in place of balsam. The 
films can be subsequently dried and mounted permanently. In 
the case of tubercle, special stains are necessary (p. 100), but with 
this exception, practically all bacterial films made from cultures 
can be stained in this way. Some bac- 



Fig. 44. — Syphon wash- 
bottle for distilled water 
used in washing prei)ara- 
tions. 


teria, e.g. typhoid, glanders, take up the 
stains rather slowly, and for these the 
more intensive stains, red or violet, are 
to be preferred. 

Films of fluids front- the body (blood, 
pus, etc.) can be generally stained in the 
same way, and this is often quite sufli- 
cient for diagnostic jmrposes. The blue 
dyes are here preferable, as they do not 
readily overstain. In the case of such 
fluids, if the histological elements also 
claim attention it is best first to stain 
the cellular protoplasm with a one to 
two per cent watery solution of eosin 
(which is an acid dye), and then to use 
a blue which will stain the bacteria and 
the nuclei of the cells. Tlie Romanowsky 
stains {y. p. 105) are here most useful, as 
by these the preparations are fixed as 
well as stained. Fixation by heat which 
is apt to injure delicate cellular structures 
is thus avoided. In the case of films 
made from urine, where there is little 
or no albuminous matter j)resent, tlie 


bacteria may be inq^erfectly fixed on 
the slide, and are thus apt to be washed off In such a case it 


is well to modify the staining method. A drop of stain is 
placed on a slide, and the cover-glass, film-side down, lowered 


upon it. After the lapse of the time necessary for staining, 
a drop of water is placed at one side of the cover-glass and "a 
little piece of filter-paper at the other side. The result is that 


the stain is sucked out by the filter-paper. By adding fresh 
drops of water and using fresh pieces of filter-paper, the speci- 
men is washed without any violent application of water, and 
the bacteria are not displaced. 
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For the general staining of films a saturated watery solution 
of mctliylene-blue will be found to be the best stain to com- 
mence with, the Gram method (v. infra) is then applied, and 
subsequently any special stains wliich may a} ►pear advisable. 

The Use of Mordants and Decolorising Agents.-- In films of 
blood and ])us, and still more so in sections of tissues, if the above 
methods are used, the tissue elements may be stained to such an 
extent as to (fuite obscure the bacteria. Hence many methods 
have been devised in which the general principle may be said to 
be {a) the use of substances wliich, while, increasing the staining 
power, tend to fix the stain in the bacteria, and (A) the subse- 
(pient treatment by substances which decolorise the overstained 
tissues tn a greater or less (‘.xtent, while tliey leave the bacteria 
coloured. The staining ca])acity of a solution may be increased — 

(а) By the addition of substances sucli as carbolic acid, 
aniline oil, or metallic salts. 

(б) By the addition of alkalies, such as caustic ])otash or 
ammonium carbonate, in weak solution. 

(c) By the employment of heat. 

{(1) By long duration of the staining ])rocess. 

As decolorising agents we use chiefly mineral acids (hydro- 
chloric, nitric, sul|(huric), vegetable acids (especially acetic acid), 
alcohol (either methylated spirit or absolute alcohol), oi' a cotu- 
l)ination of s|)irit and acid, e,</. methylated spirit with a dro]) or 
two of liydrochloric acid added, also various oils, e.tj. aniline, 
clove, etc. In most c.ases about thirty drops of acetic acid in a 
bowl of water will be sufiicient to remove the excess of stain 
from over-stained films and sections. More of the acid may, of 
course, be added if necessary. 

Hot water also decolorises to a certain extent ; over-stained 
films can be readily decolorised by placing a droj) of water on 
the film and heating gently over a flame. 

Wlien preparations have been sufficiently decolorised by an 
acid, they should l)e well washed in tap water, or in distilled 
water with a little lithium carbonate added. 

The methods embracing the use of a stain with a mordant, 
and a decoloriser, are very numerous, and wc can only enumerate 
the best of them. 

Different organisms take up and retain the stains with 
various degrees of intensity, and thus duration of staining and 
decolorising must be modified accordingly. We sometimes have 
to deal with bacteria which show a special tendency to be 
decolorised. This tendency can be obviated by adding a little 



98 


MICROSCOPIC METHODS 


of the stain to the alcohol, or aniline oil, employed in dehydra- 
tion. In the latter case a little of the stain is rubbed down in 
the oil. The mixture is allowed to stand. After a little time a 
clear layer forms on the top with stain in solution, and this can 
be drawn off with a pipette. 

When methylene-blue, methyl-violet, or gentian-violet is used, 
the stain can, after the proper degree of decolorisation has been 
reached, be fixed in the tissues by treating for a minute with 
ammonium molybdate ( 2 ^ per cent in water). 

The Formulae of some of the more commonly used Stain Combinations. 

1. Lofflcr's Methylene-hluc. 

Saturated solution of m(ithyle]ie-blue in alcohol , . 30 c.c. 

Solution of potassium hydrate in distilled water (1-10,000) . 100 ,, 

(This dilute solution may be conveniently made by adding 1 c.c, of a 
1 per cent solution to 99 c.c. of water.) 

Sections may he stained in this mixture for from a quarter of an hour 
to several hours. Tii(;y do not readily overstain. The tissue containing 
the bacteria is then decolorised if nece.ssary with ^-1 per cent acetic acid, 
till it is a pale blue-green. The section is washed in wat('.r, rajiidly 
dehydrated with alcohol or aniline oil, cleared in xylol, and mounted. 

The tissue may be contrast stained with eosin. If this is desired, 
after decolorisation wasli noth water, ]>lace for a few seconds in 1 per cent 
solution of eosin in al)solute alcohol, rapidly complete dehydration with 
pure absolute alcohol, and proceed as belbre. 

Films may l)e stained witii Lbffler’s blue by five minutes’ ex])Osure or 
longer in the cold. They usually do not require decolorisation, as the 
tissue elements are not overstained. 

2. Kuhne's Methylene-hlue. 

Methylene-blue . . . .1*5 gr. 

Absolute alcohol . . . .10 c.c. 

Carbolic acid solution (1-20) . . 100 ,, 

Stain and decolorise as with Lbiller’s blue, or decolorise with very 
weak liydrochloric acid (a few drops in a bowl of water). 

3. Carbol- 2'Jdonin-hluc . — Make up a stock solution (lonsisting of 1 
gramme of thionin-blue dissolved in 100 c.c. carbolic acid solution (1-40). 
For use, dilute 1 volume with 3 of water and filter. Stain sections for 
five minutes or upwards. Wash very thoroughly with water, otherwise 
a deposit of crystals may occur in the subsequent stages. Decolorise 
with very weak acetic acid, A few drops of the acid added to a bowl 
of water are quite sufiicient. Wash again thoroughly with water. 
Dehydrate with absolute alcoliol. Tliionin-blue stains more deeply 
than methylene-blue, and gives equally good dilferentiation. It is very 
suitable for staining typhoid and glanders bacilli in sections. Cover- 

f lass preparations stained by this method do not usually require 
ecolorisation. As a contrast stain, 1 per cent watery solution of eosin 
may be used before staining with the thionin. 

4. Gentian-violet in Aniline Oil Water . — Two solutions have here to 
be made up. (a) Aniline oil v^ater. Add about 5 c.c. aniline oil to 
100 c.c. distilled water in a flask, and shake violently till as much as 
possible of the oil has dissolved. Filter and keep in a covered bottle 
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to prevent access of light, (h) Make a saturated solution of gentian- 
violet in alcohol. When the stain is to be used, 1 part of (&) is 
added to 10 parts of (a), and the mixture filtered. The mixture should 
be made not more than twenty-four hours before use. Stain sections 
for a few minutes ; then decolorise with methylated spirit. Sometimes 
it is advantageous to add to the methylated spirit a little hydrocliloric 
acid (2-3 minims to 100 c.c.). Tliis staining solution is not so much 
used by itself, as in Gram’s method, which is presently to bo described. 

.5. Carhol-Genf/ian-VioUt . — 1 part of saturated alcoholic solution of 
gentian-violet is mixed with 10 parts of 5 per cent solution of carbolic 
acid. It is used as No. 4. 

6. Carhol-Fuchsin (see ]). 101). — This is a very powerful stain, and, 
when used in the undiluted condition, ^-1 minute’s staining is usually 
sulficient. It is better, however, to dilute with from live to ten times its 
volume of water and stain for a few minutes. In this form it has a very 
wide application. Methylated sjnrit with or without a few drops of 
acetic acid is the most convenient decolorising agent. Tlieii dehydrate 
thoroughly, clear, and mount. 

Gram’s Method and its Modifications. — In the methods 
already described the tissues, and more especially the nuclei, 
retain some stain when decolorisation has reached the point to 
which it can safely go without the bacteria themselves being 
affected. In the method of Gram, now to l)e detailed, this does 
not occur, for the stain can here be removed com]>letcly from 
the ordinary tissues, and left only in the bacteria. All kinds of 
bacteria, however, do not retain the stain in this method, and 
therefore in the systematic description of any si)ccies it is 
customary to state whether it is, or is not, stained by Gram’s 
method — by tins is meant, as will be understood from what has 
been said, whether the particular organmn retains the colour 
after the latter has been completely removed fmmi the tissues. It 
must, however, l)e remarked that some tissue elements may retain 
the stain as firmly as any bacteria, e.g. keratinised epithelium, 
calcified particles, the granules of mast cells, and sometimes 
altered red blood corpuscles, etc. 

In Gram’s method the essential feature is the treating of the 
tissue, after staining, with a solution of iodine. This solutionis 
spoken of as Gram’s solution, and has the following composition : — 

Iodine 1 part 

Potassium iodide ... 2 parts 

Distilled water .... 300 ,, 

The following is the method : — 

1. Stain in aniline oil gentian-violet or in carbol-gentian-violet {vide 
supra) for about five minutes, and wash in water. 

2. Treat the section or film with Gram’s solution till its colour 
becomes a purplish black — generally about half a minute or a minute is 
sufficient for the action to take place. 
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8. Decolorise with absolute alcohol or methylated spirit till the 
colour lias almost entirely disappeared, the tissues having only a faint 
violet tint. 

4. Dehydrate corn ])letely, clear with xylol and mount. In the ease 
of film preparations, the specimen is simply washed in water, dried and 
mounted. 

In stage (3) tlic process of deeolorisation is moi'e satisfactorily 
performed by using clove; oil after suflicieiit dehydration with alcohol, 
the clove oil being afterwards removed by xylol. 

As a CAmtrast stain for the tissues carmalum or lithia carmine is used 
before staining with gentian-violet (1). As a contrast stain for other 
bacteria whicli are decoloriscjd by Gram’s method carbol-fuchsin diluted 
witli ten volumes of water or a saturated watery solution of Ihsmarck- 
brown may l)e used before stage; (4). 

The following modifications of Cram’s method may 1)0 given : — 

1. J}'ei<jrrl's M(HUJk(Ui(m .. — The contrast staining of (he tissues and 
stages (1) and (2) are {Kuiormed as above. 

(3) Alter using the iodine solution the prej)araiioii is dried hy 
blotting and then decoloriscal by aniline-xylol (anilimj-oil 2, xylol 1), 

(4) Wash well in xylol and mount ill xylol balsam. Film ])re|)aratioiis 
after being washed in xylol maybe dried and tlien-after dibit caiijol- 
fuchsin may he used to stain Ijiictiu'ia which have been decoloristal. 

This modilie.ation jtrohably gives the most uniformly successful results. 

2. N'kolles i/wi?'/;/hwfh>)n---Carb<)l-gentian-vi(,ih't is used as the stain. 
Treatment Avith iodine is carried out as above and dei;o]orisation is 
effected with a mixture of acetone (1 ])art) and alcoliol ^2 ]iarts). 

3. Kiili'neH MiHiifmiVUm, — (1) Stain for five minutes in a solutimi 
made uji of equa,! jiarts of saturateil ale-oholie solution of erystal-violet 

Krystall-violet ”) and 1 jier cent solution of ammonium carbonate. 

(2) Wash in water. 

<'3) Pla(.‘.e for two to three mimitvs in Gram’s iodine solution, or in 
the following modification hy Kiihm; 

Iodine 2 })arts 

Potassium iodide . . . . 4 ,, 

Distilled water 100 ,, 

For use, dilute with water to make a sherry-coloured solution. 

(4) Wash in water. 

(5) Decolorise in a saturated alcoliolit; solution of Jluoresceiii (a 
saturated solution in methylated spirit does equally well). 

(6) Dtbiydrate, clear and mount. 

Tliere is great varialulity in the avidity with w hich organisms stained 
by Gram retain the dye when xvashed Avith alcohol, and sometimes 
difficulty is exjierieiieed in saying Avhetlier an organism dot's or does not 
stain by this method. 

Stain for Tubercle and other Acid -fast Bacilli. — These 
bacilli cannot be well stained with a siiiifile watery solution of a 
basic aniline dye. This fact can easily be tested by attempting 
to stain a film of a tubercle eulture with such a solution. They 
require a powerful stain containing a mordant, and must be 
exposed to the stain for a long time, or its action may be aided 
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by a short application of heat. When once stained, however, 
they resist decolorising even with very powerful acids ; they are 
therefore called “ acid-fast.” The sniegina bacillus also resists 
decolorising with strong acids (p. 254), and a nuinl)er of other 
acid-fast bacilli hav(‘ recently been discovered (]). 252). Any 
coinl)ination of gentian- violet or fuchsin with aniline oil or 
carbolic acid or other inoi-dant will stain the l)acilli named, Init 
the following methods are most commonly used : — 


ZuM-Ncchen, (Jarhol-Fuchmi Sta in. 

llasic fuchsin .... 1 ]>art 

Absolute alcohol . . . . 10 ])arts 

Solution of carbolic acid (1 : 20) . 100 ,, 

1. Place, the specimen in this Ihiid, and having heated it till steam 
vises, allow it to icinain tliere for minutes, or allow it to remain in 
tlie cold stain for fVom twtdve to twenty-four hours. (Films and paratlin 
seetions arc usually stained with liot stain, loose s(!ctions with cold ; in 
hot stain the la'te’' shrink.) 

2. Drieolorise with 20 )ier etint .solution of strong sulphuric acid, nitric 
acid, or hydrochloilc acid, in water. In this the tissues iM-eome yellow. 

0. Wash well with water. The tissues will regai)i a faint ])ink tint. 
If the colour is distiuctly red, the decolorisation is insullleicnt, and the 
sj>e( iimm must Ite returned to the acid. As a matter of practice, it is 
best to remove the preparation from the ncid every few seconds and 
wash ill water, rcpkieing the sp(;(!imen in tin; a.(dd and I’c-washing till 
the proper pale jtink tint is obtained. Tlien wash in alcohol Jbr half a 
niinut(! and repla,ee in wabrr. 

1. Contrast stain with a saturated watery .solution of metliylene-hliU! 
fu' half a niiimti‘, or \^itll saturated watery bismarck-lirown for from 
two to three minutes. 

5. Wasli well with w'ater. In the eas(! of films, dry and mount. In 
the ease of sections, d( hydrate, clear and mount. , 


FrdenJeeV^ Af(>dificati<)U of the ZiM-Nedmt SUiin. 

Here the jirueess is shortened by using a mixture containing 
both the decolorising agent and tlie contrast stain. 

Tlic sections or films are stained with tlie carbol-fuclisin as above 
descrilied, and tlieii placed in the folio w'ing .solution : — 

Distilled water 50 parts 

Absolute alcoliol '50 ,, 

Nitric acid 20 ,, 

Methylene-blue in crystals to saturation. 

They are treated with this till the red colour has quite di8aj)peared and 
been replaced by blue. The siibsenuent stagers are the same as in No. 
5, supra. 

kn S O . 
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Leprosy bacilli are stained in the same way, but are rather 
more easily decolorised than tubercle bacilli, and it is better to 
use only 5 per cent sulphuric acid in decolorising. 

In the case of specimens stained either by the original Ziehl- 
Neelsen method, or by Praenkel’s modification, the tubercle or 
leprosy bacilli ought to be bright red, and the tissue blue or 
brown, according to the contrast stain used. Other bacteria 
which may be present are also coloured with the contrast stain. 

The Staining of Spores, — If bacilli containing spores are 
stained with a watery solution of a basic aniline dye the spores 
remain unstained. The spores either take uj) the stain less 
readily than the protoplasm of the bacilli or they have a resisting 
enveloi)e which prevents the stain penetrating to the protoplasm. 
Like the tubercle bacilli, when once stained they retain the colour 
with considerable tenacity. The following is the simplest method 
for staining spores : — 

1. Stain covt'i’-^dass films as for tufiorclo bacilli. 

2. Decolorise with 1 ])er cent sulphuric acid in water or with methyl- 
ated spirit. This removes the stain from the bacilli. 

d. VVasli in water. 

4. Stain with saturated watery methylene-bluc for half a minute. 

5. Wash in water, dry, and mount in balsam. 

The result is that the s}>ores arc stained red, the j)rotoplasm of the 
bacilli blue. 

The spores of some organisms lose; the stain more readily than those 
of others, and for some, methyla,ted sj»irit is a sufiiciently strong 
decolorising agent for use. If suljdiuric acid stronger than 1 per cent 
is used the sjwres of many l>acilli arc readily decolorised. 

Mbllf’rii MdJiod.—Tha following method, recommeiidt'd by idler, is 
much more satisfactory than the jirevious. Before being stained, the films 
are placed in chloroform for 2 minutes, and tlum in a 5 per cent solution 
of chromic acid for 4-2 minutes, the preparation being well washed 
after each reagent. Thereafter they are stained and decolorised as above. 

The Staining of Capsules. — The two follo wing methods may 
l)e recommended in the ctise of cap.sulated bacteria : ~ 

{a) IVclcliS i/c/Z/w/!.— This depends on the fact that in many cases 
the capsules can he fixed with glacial acetic acid. 

Films when still wet are placed in this acid for a few seconds. 

The superlluous acid is removed willi filter-paper and the preparation 
is treated with gentian-violet in aniline oil water repeatedly till all the 
acetic acid is removed. 

Tlien w ash with 1-2 per cent solution of sodium chloride and examine 
in the same solution. 

The capsule appears as a i)ale violet halo around the deeply stained 
bacterium. 

{h) Richm'd Muir's Method (as recently modified). 

1. The film containing the bacteria must be very thin. It is dried 
and stained in filtered carbol-fuchsin for half a minute, the preparation 
being gently heated. 
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2. Wash sliglitly with s]>irit ami then well in water. 

3. Place in following mordant for a few seconds 

Satiii'ated solution of corrosive sublimate . , .2 parts 

Tannic acid solution — 20 per cent . . . . 2 ,, 

Saturated solution of potash alum . . . . 5 ,, 

4. AV’^ash well in water. 

5. Treat with methylated spirit for about a minute. 

The preparation has a pale reddish appearance. 

6. AVash well in water. 

7. Counterstain with watery solution of ordinary methyleiie-bluo for 
half a minute. 

8. Deliydrate in alcohol, clear in xylol, and mount in balsam. 

The bacteria are a deej) crimson and the. capsules of a blue tint. The 
capsules of baidei'ia in cultuia^s may sometimes lu! demonstrated by this 
method. 

The Staining of Flagella. — The staining of the flagella of 
bacteria is the most (litlicult of all bacteriological procedures, 
and it requires considerable practice to ensure tliat good residts 
shall I)e obtained. Many uictliods liave been iiitrodueed, of 
wljicli the two following are the most satisfactory. 

yb’c/irtmYd/// of Filins, h\ all the methods of staining 

flagella, young cultures on agar should be used, say a culture 
incubated for from ten to cighteem hours at 37" (A A very 
small portion of the growtli is taken on tlie jioint of a platinum 
needle and carefully mixed in a little water in a watch-glass; 
the amount should be siicli as to [iroducc scarcely any turbidity 
in the ^^ater. A. film is then made by jdaciug a drop) on a 
(dean cover-glass and carefully spnxiding it out with the needle. 
It is allowed to dry in the air and is then passtxl twice or thrice 
tlirough a flame, care being taken not to over-heat it. The 
cover-glasses used should always be cleaned in the mixture of 
sulphuric acid and i)otassium bichromate described on p>age 87. 

1. rujidd's Method as modified by liichard Muir. 


ITcparc tho following solutions : — 

A. The Mordant. 

Tannic acid, 10 ])cr cent watery .solution, filtered . 10 c.c. 

Corrosive sublimate, saturated watery Holution . 5 ,, 

Alum, saturated watery solution . . . . 5 ,, 

Carbol-fuchsin p. 101) 5 ,, 


Mix thoroughly. A [ireeipitate forms, wliich must be allowed to 
de])Osit, eitiier by centrifiigalising or simply by allowing to stand. 
Kemove the clear fluid witJi a ]ti]>ette and transfer to a clean bottle. 
The mordant keeps well for one or two weeks. 

B. The Stain. 

Alum, saturated watery solution . . . . 10 c.c. 

Gentian- violet, saturated alcoholic solution . . 2 ,, 
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The stain should not he more than two or three days old when used. 
It may be substituted in the mordant in place of the earbol-fuchsin. 

The film having been ])repared as above described, pour over it as 
much of the mordant as tlie cover-glass will hold. Heat gently over a 
llame till steam liegins to rise, allow to steam for about a minute, and 
then wash well in a stream of running water for about two minutes. 
Then dry carefully over the flame, and vheii thoroughly dry ])our on 
some of the stain. Heat as before, allowing to stea,m foi- al)Out a minute, 
w'ash well in water, diy and mount in a droj) of xylol balsam. 

This method has yielded the best results in our hands. 


2. J7m Ennemjew's Method for Slainlnij Fhujelhi. 

Th(^ films are prepared as above d(!scril)ed. Three solutions are here 
neinissai'y : — 

Solution A. {Jkiin Jixaknr ) — 

Osjni(! acid, 2 per cent solution .... 1 ])art 

Tannin, 10-25 i»er cent solution .... 2 parts 

riace the lilms in this for one houi' at room teniporature, or heat ovei’ 
a llame till steam rises and keep in fhe hot stain for live minutris. 
Wash with distilled water, then with absolute alcohol for tliiaa; to four 
minutes, and again in distilled wa,ter, ami tieat with 

Solution B. {JJain, se7isibidisak(ir ) — 

•5 per cent solution of nitrate of silver in distilled water. Allow 
films to l)e in this a few- seconds. Then without washing transfer to 

Solution C. {JJ(yi}i reduckur el rehfor(;(Uem ^^ — 

Gallic acid .5 grm. 

Tannin d ,, 

Fused })otassium ac(d.atc lb ,, 

Distilled water -150 e.e. 

Keep in this for a few seconds. Then tr<iat again w ith Solution B till 
the, j)re]Kii'ation l)egins to turn black. Wash, dry, and mount. 

It is better, as Mei'vyn Goialon recommends, to leave the s])eeinien in 
B for tw'o minutes and then to transfer to C for one and a half to tw'o 
minutes, and not to ti’ansler again to B. It will also be found an 
advantage to use a fresh su])])ly of C for each pre}>aration, a small 
(piantity being sulfieient. The beginner will find the typhoid })aeillus 
or the banillus coli communis very suitable organisms to stain by this 
method. 

Although the results obtained l^y this method are sometimes excellent, 
they vary considerably. Fre;]uently both the organisms and flagella 
appear of abnormal thickness. This is due to the tlud, that tlie process 
on wliich tlie method depends is a i)reci])itation rather than a true 
staining. The pictures on the wdiole are less faithful than in the first 
metliod. 

Staining of Spirochaete in Sections.— Tlie following im- 
pregnation metliod, whicli is practically that of Ramon-y-Cajal 
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for nerve fibrilRe, lias been applied for this jiurpose by Levaditi 
and gives excellent results. 

(1) The tissues, -which ought to be in thin slices, about 1 inin. 
in thickness, are licst fixed in 10 per cent formalin solution for 
twenty-four hours. 

(2) They are washed for an hour in water and then brought 
into !K) per cent alcoliol for twenty-four hours. 

(d) They are then placed in 1 *5 per cent solution of nitrate 
of silvcu’ in a dark liottle, and are kept in an incubator at 37" C. 
for threii days. 

(1) They are washed in water for aliout twenty niinutes, and 
are thereafter placed in the following mixture, namely : — 

Tyrogallic acid, 4 parts. 

Formalin, 5 parts. 

Distilled water u]> to 100 parts. 

Tiiey arc' kej)t in this mixture in a dark bottle for forty-eiglit 
hours at room tenijcerature. 

(5) They are tlien washed in water for a few minutes, taken 
through increasing strengths of alcxchol, and (unlcedded in 
jcaratlin in tlu* usual way. TJie sections onglit to be as thin as 
[cossible. In satisfactory }>r(‘parations the spii'oclnetes ap[)ear of 
an almost black colour against the pale yellow background of 
the tissues. The latter can be contrast staincid by weak ijarbol- 
fiichsin or by toluidin blue. 

(tor ilic stiiiniiig of 8f)irocha‘tcs in filrus see j). 107.) 

The Romanowsky Stains. — Within recent yc;ars the numerous 
modifications of the Romanowsky stain luivc^ b(‘en extensively 
used. Tlio dye concerned is the compound wliich is formed 
when watery solutions of medicinal methylcne-bluc and water- 
solulile eosin are brought together. This compound is insoluble 
ire water but soluble in alt:ohol — the alcohol emjdoyed Ijcing 
methyl alcohol. The stain was originally used by Romanowsky 
lor the mahirial parasite, and its sfcecial cjuality is that it 
inijcarts to certain elements, such as the chromatin ol this 
organism, a reddish-purpde hue. This was at first thought to l)e 
simply due to the combination of the methylene-l)lue and the 
eosin, but it is now recognised that certain changes, such as 
occur in methylene-l)lue solutions with age, are necessary. In 
the modern formuhe these clianges are brought about by 
treatment with alkalies, especially alkaline carbonates, as was 
first practised by Unna in the preparation of his polychrome 
methylene-blue. It is not certainly known to what particular 
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new body the reddisli hue is due, but it may be to methyl-violet 
or to methyl-azure, both of which result from the action of alkali 
on methylene-blue. The stains are much used in staining blood- 
films (in which the characters of both nucleus and cytoplasm are 
beautifully brought out), in staining bacteria in tissues or 
exudates, the malaria parasite, trypanosomes, the pathogenic 
spirochietes (such as the spirochajte pallida), and protozoa 
generally. 

The following are the chief formula in use : — 

1. Jmne/r's Stain . — Tliis is an excellent blood stain, but is not so good 
for the study of parasites as the others to be mentioned. In its 
preparation no alkali is used. It is made by mixing equal parts of {a) 
a 1*2 to 1 ’25 per cent solution of Griibler’s water soluble eosin (yellow 
shade) in distilled water and {h) 1 per cent Griibler’s medicinal methy- 
lene-blue (also a watery solution). The mixture is allowed to stand 
twenty-four hours, is filtered, and the residue is dried at 5.5“ C. ; the 
powder is shaken U]i in distilled water, liltered, waslied with distilled 
water and dried. Of the powder, 5 grins, are dissolved in 100 c.e. Merck’s 
methyl alcoliol. For use a lew drops are placed on the dried unfixed 
film for one to three minutes, the dye is poured olf, and the })rej)aration 
washed with distilled water till it presents a pink colour; it is then 
dried between filter-jiaper and mounted in xylol balsam. 

2. Lctshnians Stain . — The following solutions are prejiared : (a) to 
a 1 percent solution of medicinal metliylone-blue is added '5 jier cent 
sodium carbonate ; the mixture is kept at 05“ 0. for t^velve hours and 
then lor ten days at room temperature (*25 ])er cent formalin may be 
added as a preservative); (5) MOOO solution of eosin, extra liA., in 
distilled water. Fcpial volumes of the two solutions are mixed and 
allowed to stand for six to twelve hours with occasional stirring, the 
precipitate m collected, filtered, washed with distil Ictl water and dried. 
For use T5 ])er cent is dissolved in Miirck’s methyl alcohol (“for 
analysis, acetone free”) as follows: the iiowder is jilaced in a clean 
mortar, a little of the alcohol is added and well rubbed up with a 
pestle ; the uudissolved powder is allowed to settle and the fluid 
decanted into a dry bottle ; the process is repeatcal with fresh fractions 
of the solvent till practically all the stain is dissolved, and the bottle 
is well stoppered ; the stain will kee]) for a long period. For the 
staining of films a few drops of the stain are placed on the unfixed 
preparation for fifteen to thirty seconds so as to cover it with a 
shallow layer (the stain may be conveniently sjircarl over the film 
with a glass rod) and the film is tilted to and fro so as to jirevent 
drying. This treatment efficiently fixes the film by the action of the 
methyl alcohol. About double the quantity of di.sdi]Ied water is now 
dropped on the film, and the stain and diluent are quickly mixed with 
the rod. Five minutes are now allowed for staining, and the stain is 
then gently washed off with distilled water. A little of the water is 
kept on the film for half a minute to intensify the colour contrasts in 
the various cells. For certain s]>ecial .structures such as Schiiffner’s dots 
or Maurer’s dots in the malarial parasite a longer staining (up to one 
hour) may be necessary, and in any case it is well to practise being able 
to control the depth of the staining effect by observation with a low 
power objective. If a preparation is to be stained for a long time it 
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must bo kept covered, and if in such cases a granular deposit is formed 
this may be got rid of by a quick wash with absolute alcohol. If in blood 
films the red corpuscles appear bluish instead of pink the colour may 
be restored by washing the film with acetic acid, 1-1500. The film is 
dried between filter-paper and mounted. 

For staining sections a little modification is neces.sary. A parafliu 
section is taken into distilled W'ater as usual, the excess of water is drained 
off, and a mixture of one part of stain and two parts of distilled water 
is placed on it. The stain is allowed to act for five to ten minutes till the 
tissue appears a deep Oxford blue; it is then decolorised with 1-1500 
acetic acid — the elfect being watched under a low-power lens. The blue 
begins to come out, and the })rocess is allowed to go on till only the 
nuclei remain blue. Tlie section is then washed with distilled water, 
rapidly dehydrated with alcohol, cleared and mounted. If, as some- 
times hap})ens, the eosin tint be too well marked it can bo lightened 
by the action of 1-7000 solution of cau.stic soda, this being washed off 
whenever the desired colour has been attained. 

3. J. 11. Wright'' s Stain. — In this modification 1 per cent inethylene- 
bliie (BX or Elirlich’s rectilied) and ^ per cent sodium carbonate (both 
in water) are mixed and placed in a Kocli’s steriliser for an hour. When 
the fluid is cold, 1-1000 solution of extra H.A. eo.sin is added till the mixture 
becomes purplish and a finely granular black preci])itate ap{)ear8 in 
suspension (about 500 c.c. eosin to 100 c.e. methylene-blue .solution are 
re(piii’ed) ; the pre-cipitate is filtered off and dried without Ixdiig washed. 
A saturated solution of this is made in the |mre methyl alcohol ; this is 
filtered and diluted l)y adding to 80 c.e. of tfie saturated solution 20 c.c. 
of methyl alcohol. The application of the stain is almost tlio same a.s 
with Lchslimaii's. A few droj)s are placed on the. prej)aration for a 
minute for fixation ; water is then dropped on till a gremi iridescent 
.scum appears on tlie to]) of the fluid and staining goes on for al)OUt 
two minutes , the stain is tiien washed off witli distille.d water and a 
little is allowed to remain on the film till dillerentiation is eomi.)lete ; 
tlie preparation is carefully dried witli iilter-pajier and mounted. 

4. <TUinmls Stain. — Giem.sa believes that the reddi.sh-blne hue 
characteristic of the Komanowsky stain is due to the formation of 
methyl-azure, and he has prepared this by a method of liis own under 
the name “ Azur I.” From this, by the addition of (((jual ])arts of 
medicinal methyleiie-bluo, lie prepares what he calls “Azur IL,” and 
from this again by tlie addition of eosin he prepares “ Azur II. -eosin.” 
The latest formula for tlie finished stain is as follows Azur II. -eosin 3 
gr., Azur II. 8 gr., Glycerin (Merck, chemically pure) 250 gr., Methyl 
alcohol (Kahlbaum, I.) 250 gr. This stain has been extensively used 
for demonstrating the S]>irocliiete pallida, hut it can be insed for any 
otlier purpose to wliieh the Komanowsky stains are applicable. For the 
spirochiete the following are Giemsa’s directions: — 

(1) Fix films in absolute alcohol for fifteen to twenty minutes, dry 
with filter-paper. (2) Dilute stain with distilled water — one drop of 
stain to 1 c.c. water (the mixture being well shaken). (Sometimes the 
water is made alkaline by the addition of one drop of 1 per cent pota-sium 
carbonate to 10 c.c. water). (3) Stain for fifteen minutes. (4) WasJi in 
brisk stream of distilled water. (5) Drain witli filter- paper, dry, and 
mount in Canada balsam. 

AVith regard to the Jermer and Giemsa stains it is best to obtain the 
solutions from Griibler ready for use ; the powder for Leishmaii s stain 
may be obtained from the same source and the solution made up by 
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condition into contact with the bacteria. The stages of pro- 
cedure are the following : — 

1. Blood is conveniently obtained by pricking the lobe of the ear, 
which should previously have been washed wi'th a mixture of alcohol 

and ether and allowed to 
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Fig. 46. — Tubes used in testing agglutinating and 
sedimenting properties of serum. 


dry. The blood is drawn 
up into a Wright’s blood 
capsule (Fig. 47) or into 
the bulbous portion of a 
capillary jiijiettc, such as 
in Fig. 46, a. (These pip- 
ettes can be readily made 
by drawing out quill glass 
tubing in a flame. It is 
convenient always to have 
several ready for use.) 
The pipette is kept in the 
upright position, one end 
being closed. For purposes 
of transit, break off the 
bulb at the constriction 
and seal the ends, After 
the scrum has separated 
from the coagulum the 
bulb is broken througli 
near its upper end and the 
scrum removed by means 
of another ca])illary jup- 
ettc. The serum is then 
to be diluted. 

% The serinn may be 
diluted [a) by means of a 
grad iiated j »ipette— ei t h or 
a leiicocytoinetcr pipette 
(Fig. 46, h) or some corre- 
sponding form. In this 
way successive dilutions 
of 1 : 10, 1 : 20, 1 : 100, 
etc., can be ra])idly made. 
This is tlie best method. 
(6) By means of a capillary 
pipette with a mark on the 
tiioe, the serum is drawn 
up to the mark and then 
blown out into a glass 
capsule ; equal quantities 
of bouillon are successivelv 


measured in the same way 
and added till the requisite dilution is obtained, (c) By means of a 
platinum needle with a loo|> at the end (Delcpine’s method). A loopful 
of serum is placed on a slide and the desired number of similar loopfuls 
of bouillon are separately placed around on the slide. The drops are 


then mixed. 


A very convenient and rapid method of combining the steps 1 and 2 
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is to draw a drop of blood up to the mark 1 or *5 on a leucocytometer 
pipette and draw the bouillon after it till the bulb is filled. A dilution 
of 10 or 20 times is thus obtained. Then blow the mixture into a 
U-shaped tube (Fig. 46, c) and ceiitrifugalise or simply allow the red 
corpuscles to separate by standing. (In this method of course the 
dilution is really greater than if pure serum were used, and allowance 
must therefore he made in comjiaring results.) The jircsence of rod 
corpuscles is no drawback in tlie case of the microscopic method, liut wlien 
sedimentation tubes arc used the corpuscles should be separated tirst. 

3. The bacteria to be tested should be taken from young cultures, 
preferably not more than twenty-four hours old, incubated at 37“ C, 
They may bo used either as a bouillon culture or as an emulsion made 
by adding a small portion of an agar culture to bouillon, hi the latter 
case the mass of bacteria on a platinum loo}) should be gently broken 
down at the margin of the lluid in a watch-glass. AAdion a thick 
turbidity is thus obtained, any remaining fragments should iirst bi^ 
removed and then the organisms should be uniformly mixed with the 
rest of the fluid. The bacterial emulsion ought to have a faint but 
distinct turbidity. (Wlien the exact degree of sedimenting power of a 
serum is to be tested— ex pressi^d as the highest dilution in wliicli it 
produces complete sedimentation within twmity-foiir liours--a standard 
quantity (by weiglit) of bacteria must l»<! added to a given quantity of 
bouillon. This is not necessary for clinical diagnosis.) 

4. To tost muroscopicallji, mix equal quantities (measured by a 
marked capillary pificttc) of the diluted serum and the bacterial 
emulsion on a glass slide, cover witli a cover-glass, and examine under 
the microsco])e. The form of glass slide used for hang-droji cultures 
(Fig. 27) will ho found vmy suitable. Tlie ultimate dilution of the 
senini will, of course, he double tlie oiiginal dilution. 

To observe scdivicnUition mix eipial parts of diluted serum and of 
baeteiial emulsion and ])lace in a thin glass tube — a simple tube with 
closed end or a U-tuhe. Keep in n])right jiosition for twenty-four 
hours. One of Wright's sedimentation tubes is shown in Fig. 46, d. 
Diluted Serum is drawn up to till the space nra, a small (juantiiy of air 
is sucked uj) after it to sejtarate it from the bacterial emulsion, which 
is then drawn up in the same quantity ; the diluted serum will then 
occupy iht! [)i)sition Id. The fluids are then drawn several tiTues up 
into the bulb and returned to the capillary tube so as to mix, and finally 
blown carefully down close to the lower end, wliich is then sealed oil'. 
The sediment collects at the lower extremity. 

It may be said that it is often important to oliserve not only the 
strongest concentration of a serum wdiich will jiroducc agglutination but 
also the weakest. 

Method of measuring the Phagocytic Capacity of the 
Leucocytes — the Opsonic Technique.^ — This was first done 
by Leishman by a very simple method as follows : A piece 
of quill tubing is drawn out to a capillary diameter so as 
to make a pipette about six inches long. The point is 
broken off and a ru1)ber nipple adjusted to the wide end, a 
mark is made with an oil pencil about three-quarters of an 
inch above the orifice. Blood is drawn from the finger up 
to the mark, then an air-bubble is allowed to pass in. A thin 

f 
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emulsion of the bacterium to be tested having been prepared, a 
quantity of this is also drawn uj) to the mark. The two fluids 
are then thoroughly mixed by being first blown out on to a 
sterile slide and then being drawn back into the pi|)ette 'and 
expelled, — this being re])eated several times. A cover-glass is 
placed over the droj), and the slide is jilaced in the incubator at 
37" C. for fifteen minutes. The cover-glass is then slip])ed oft’ 
so as to make a film preparation which in tlie case of ordinary 
bacteria may be stained by Leishman’s method. The number 
of bacteria ])resent in, say, 50 polymorjdionuclear cells succes- 
sively examined is determined and an average struck, ddie 
method was first used for showing that in cases of stapliylococciis 
infection the average number of bacteria taken ii}) was less tlian 
in a control in which the same bacterial emulsion was exposed 
to the blood of a healthy individual. In making such an 
observation drops from the two mixtures are ])]ac('d on the same 
slide under se[)arate cover-glasses and the preparation incnliated. 
One cover is then slipped to one end of the slide and the other to 
the other, — the two films being then stained as one. 

According to AVright’s view the process of })hagocytosis in 
blood outside the l)ody is not a simple one, and before a 
leucocyte takes up a bacterium the latter must be acted on 
in some way by sul>stances present in the serum, wliicfii Wright 
calls opsonim (see Immunity). Tlie techni(iue l)y which, the 
actions of these opsonins is' studied has been elal)orafed by 
Wright and his co-workers in connection with liis work oip 
bacterial vaccines, es])ecially in relation to iid’i'c-tion by the 
pyogenic cocci and the tuliercle bacillus. Tliis technique 
involves (1) the i)reparation of the ])acteria] emulsion, (2) tlui 
preparation of the leucocytes, (3) the prc])aration of sampk's of 
{a) serum from a normal person, (4) serum from the infected 
person. 

(1) Prepfmition of haderial emuhion. In the (;ase of the 
pyogenic cocci a little of a twenty-four hour living culture off a 
sloped agar tube is taken and rubbed up in a watdi -glass with 
*85 per cent saline. The mixture is placed in a tube and centri- 
fugalised so as to de|)osit any masses of bacteria which may be 
present. Only by experience can a knowledge l)e gained of the 
amount of culture to be used in the first instance, but tfic 
resultant emulsion usually should exhibit only the merest trace of 
cloudiness to the naked eye. Wright states it will then contain 
from 7000 to 10,000 million bacteria per c.cm. If too strong an 
emulsion be used the leucocytes may take up so many organisms 
that these cannot be accurately enumerated. In the case of 
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the tubercle bacillus as short a variety of the organism as 
possible should be selected, and a mass of growth off a solid 
medium is taken (bacilli in mass can be obtained in the market 
from wholesale chemists) and is well washed with changes of 
distilled water, dried on filter i)aper in a Petri dish and 
thoroughly rubbed up with a little 1*5 per cent saline in an 
agate mortar so as to disintegrate the bacterial masses and 
get an emulsion composed as far as possible of individual bacilli. 
This must be controlled by microscopic examination. A thick 
cream should be obtained, and this should be sterilised by 
steaming for half an hour on three successive days. Before 
sterilisation it is convenient to seal up the stock emulsion in 
small quantities in a number of pieces of quill tubing so that in 
the subsequent procedures only small portions of the emulsion 
are exposed to aerial contamination at one time. For actual 
use, one of those tubes is opened, a little is withdrawn with a 
sterile pipette, and a weak emulsion made in the same way as 
with the staphylococcus except that 1 *5 per cent saline is used. 
The stock tube may be sealed with wax and kept for use again. 
A fresh emulsion ought to be made up for each day’s work. 

(2) Preparation of leucocytes. Here the observer uses his 
own blood cells. A 1*5 per cent solution of sodium citrate in 
*85 per cent sodium chloride is prepared. This is placed in a 
glass tube three inches long made by drawing out a piece of 
half -inch tubing to a point, the tube being filled nearly to the 
brim. A handkerchief being bound round the finger, this is 
now pricked and the blood allowed to flow directly into the 
fluid, to the bottom of which it sinks. The tube ought to be 
inverted between the addition of every few drops of blood so as 
to bring the blood in contact with the citrate and prevent 
coagulation. The equivalent of about ten to twenty drops of 
blood should be obtained. The diluted blood is then centri- 
fugal ised, and when the corpuscles are separated the super- 
natant fluid is removed, *85 per cent saline is substituted and 
the centrifugalisation repeated. The fluid is again removed, 
care being taken not to disturb the layer of white cells lying on 
the top of the red corpuscles. This layer is then pipetted off 
into a watch-glass or tube and the leucocytes required are thus 
obtained. 

(3) Preparation of the sera. The serum whose sensitising 
effect on the bacteria it is desired to test is obtained by Wright 
as follows. A “blood capsule” is made by drawing a piece of 
No. 3 quill tubing into the shape shown in Fig. 47, the part not 
drawn out being about one inch in length. It is convenient to 

a • 



114 


MICROSCOPIC METHODS 


make a number of these capsules at one time and to draw off 
their extremities and seal them in the flame. For use the tips of 
both extremities are broken off, the finger is pricked, and blood 
allowed to pass into the capsule through the bent limb till 
the capsule is about half full. The air remaining in the capsule 
is rarefied by passing the straight end through a flame and 
then sealing it off. By this manipulation the blood is sucked 
over the bend into the straight ])art of the tube, and the bent 
end is now also sealed off or closed with wax. It is well to 
shake the blood down towards the closed straight end, care being 
taken to previously allow the glass to cool sufficiently. The 
capsule is now hung by the bend on the edge of a centrifuge 
tube 'and the serum separated by spinning the instrument. In 
any particular case a capsule of serum 
from the infected person and one from 
a normal individual are prepared. 

The emulsion, corpuscles, and serum 
being thus prepared, the next step is 
to mix them. This is done by taking 
a piece of quill tubing and drawing it 
out to a ca]>illary j)oint so as to make 
a pipette about eight inches long ; on 
the thick end of this a rubber teat is 
fixed, and about one inch from the 
capillary point a mark is made with 
an oil pencil, l^'rom the watch-glass 
containing the separated leucocytes a 
portion is sucked up to the mark and 
then an air-bubble is allowed to pass 
in. A similar portion of the scimm is drawn up, and then another 
air-bubble, and finally a similar portion of the bacterial emulsion. 
The three dro])lets are carefully blown on to a slide and are 
thoroughly mixed with one another by being alternately 
drawn up into the tube and expelled several times. The 
mixture is then drawn into the tube and the end sealed off in the 
flame. The rubber ni|)ple is removed and the tube placed in the 
incubator at 37° for fifteen minutes. A slide is now prepared 
by rubbing it once or twice with very fine emery paper 
(No. 000) and thoroughly wiping it. This is a procedure 
adopted by Wright to cause an evenly distributed film to be 
made. The tube being removed from the incubator and the 
end broken oflf, its contents are again mixed by expelling 
and drawing up into the tube. A minute droplet is placed 
on the prepared slide, and by means of the edge of the end 



Ftg. 47. — Wright’s Blood-cap- 
sule and method of filling 
same. 
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of another slide a film is made which is then dried and is ready 
for staining. Films containing staphylococci are stained either 
by Leishman’s stain {q,v) or with carbol-thionin blue. In the 
former case no fixation is necessary, in the latter it is usual to 
fix in saturated perchloride of mercury for \h minutes, wash in 
water and then stain. With tubercle films the following is the 
procedure : the film is fixed for two minutes in perchloride of 
mercury, washed thoroughly, stained with carbol-fuchsin as 
usual, decolorised with 2’5 per cent sul})huric acid, cleared with 
4 per cent acetic acid, counterstained with watery solution of 
methylene-blue, and dried. 

In applying the technique two preparations are made, in both 
of which the same emulsion and the same leucocytes are 
employed, but in one of which the bacteria have been exposed 
to the serum of the infected individual under observation, and 
in the other to that of a normal person — usually the observer 
himself. Eacli of these is now examined microscopically with 
a movable stage, the number of bacteria in the protoplasm of 
at least 50 polymorphonucleated leucocytes is counted and an 
average per leucocyte struck ; the proportion which this average 
in the case of the abnormal serum bears to the average in the 
preparation in which the healthy serum was used, constitutes the 
opmnic index^ — that of the healthy serum being reckoned as 
unity. The reliability of the method of course depends on the 
phagocytic activity of the 50 colls counted re[)rcsenting the 
phagocytic activity of all the cells in the preparation. 

General Bacteriological Diagnosis. 

Under this heading we have to consider the general routine 
which is to be observed by the bacteriologist when any material 
is submitted to him for examination. The object of such 
examination may be to determine whether any organisms are 
present, and if so, what organisms; or the bacteriologist may 
simply be asked whether a [jarticular organism is or is not 
present. In any case his inquiry must consist (I) of a micro- 
scopic examination of the material submitted ; (2) of an attemjit 
to isolate the organisms present ; and (3) of the identification of 
the organisms isolated. We must, however, before considering 
these points look at a matter often neglected by those who seek 
a bacteriological opinion, viz. : the proper methods of ohtaming 
(ind transferring to the haxteriologist the material which he is to 
he asked to examine. The general principles here are (1) that 
every precaution must be adopted to prevent the material Jfrom 
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make a number of these capsules at one time and to draw off 
their extremities and seal them in the flame. For use the tips of 
both extremities are broken off, the Anger is pricked, and blood 
allowed to pass into the capsule through the bent limb till 
the capsule is about half full. The air remaining in the capsule 
is rarefied by passing the straight end through a flame and 
then sealing it off. By this manipulation the blood is sucked 
over the bend into the straight part of the tube, and the bent 
end is now also sealed off or closed with wax. It is well to 
shake the blood down towards the closed straight end, care being 
taken to previously allow the glass to cool sufficiently. The 
capsule is now hung by the bend on the edge of a centrifuge 
tube and the serum separated by spinning the instrument. In 
any ])articular case a capsule of serum 
from the infected person and one from 
a normal individual arc prepared. 

The emulsion, corpuscles, and serum 
being thus prepared, the next sto]) is 
to mix them. This is done by taking 
a piece of quill tubing and drawing it 
out to a capillary })oint so as to make 
a pi])ctte about eight inches long • on 
the thick end of tliis a rubber teat is 
fixed, and about one inch from the 
ca})illary point a mark is made with 
an oil pencil. From the watch-glass 
containing the separated leucocytes a 
portion is sucked up to the mark and 
then an air-bubble is allowed to pass 
in. A similar portion of the serum is drawn up, and then another 
air-bubble, and finally a similar portion of the bacterial emulsion. 
The three droplets are carefully blown on to a slide and are 
thoroughly mixed with one another by being alternately 
drawn up into the tube and expelled several times. The 
mixture is then drawn into the tube and the end sealed off in the 
flame. The rubber nipple is removed and the tube placed in the 
incubator at 37° for fifteen minutes. A slide is now prepared 
by rubbing it once or twice with very fine emery })aper 
(No. 000) and thoroughly wiping it. This is a procedure 
adopted by Wright to cause an evenly distributed film to be 
made. The tube being removed from the incubator and the 
end broken off, its contents are again mixed by expelling 
and drawing up into the tube. A minute droplet is placed 
on the prepared slide, and by means of the edge of the end 
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of another slide a film is made which is then dried and is ready 
for staining. Films containing staphylococci are stained either 
by Leishman’s stain (q.v.) or with carbol-thionin blue. In the 
former case no fixation is necessary, in the latter it is usual to 
fix in saturated perchloridc of mercury for 1 J minutes, wash in 
water and then stain. With tubercle films the following is the 
procedure : the film is fixed for two minutes in perchloride of 
mercury, washed thoroughly, stained witli carbol-fuchsin as 
usual, decolorised with 2*5 per cent sulphuric acid, cleared with 
4 per cent acetic acid, counterstained with watery solution of 
methylene-blue, and dried. 

In applying the technique two preparations are made, in both 
of which the same emulsion and the same leucocytes are 
employed, but in one of which the bacteria have been exposed 
to the serum of the infected individual under observation, and 
in the other to that of a normal person — usually the observer 
himself. Each, of these is now examined microscopically with 
a movable stage, the number of bacteria in the j)rot()plasm of 
at least 50 polyrnorphonuclcated leucocytes is counted and an 
average per leucocyte struck ; the proportion which this average 
in the case of the abnormal serum l)ears to the average in. the 
preparation in which the healthy serum was used, constitutes the 
opmnic inder^ — that of the healthy serum being reckoned as 
unity. The reliability of the method of course (le[)ends on the 
phagocytic activity of the 50 cells counted re^presenting the 
phagocytic activity of all the cells in the preparation. 


General Bacteriological Diagnosis. 

Under this heading we have to consider the general routine 
which is to be observed by the bacteriologist wlien any material 
is submitted to him for examination. The object of such 
examination may be to determine whether any organisms are 
present, and if so, what organisms ; or the bacteriologist may 
simply be asked whether a particular organism is or is not 
present. In any case his inquiry must consist (I) of a micro- 
scopic examination of the material submitted ; (2) of an attempt 
to isolate the organisms jwesent ; and (3) of the identification of 
the organisms isolated. We must, how^ever, before considering 
these points look at a matter often neglected by those who seek 
a bacteriological opinion, viz. : the proper methods of oUaining 
and transferring to the bacteriologist tlu material which he is to 
he asked to examine. The general principles here are (1) that 
every precaution must be adopted to prevent the material /rom 
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being contaminated with extraneous organisms ; (2) that nothing 
be done which may kill any organisms which may be proper to 
the inquiry ; and (3) that the bacteriologist obtain the material 
as soon as possible after it has been removed from its natural 
surroundings. 

, The sources of materials to be examined, even in patho- 
logical bacteriology alone, are of course so varied that we can 
but mention a few examples. It is, for instance, often necessary 
to examine the contents of an abscess. Here the skin must be 
carefully purified by the usual surgical methods ; tlie knife used 
for the incision is preferably to be sterilised by l)oiling, the first 
part of the pus which escai)es allowed to flow away (as it iniglit 
be spoiled by containing some of the antise])tics used in the 
purification) and a little of what subsequently escapes allowed 
to flow into a sterile test-tube. If test-tubes 


sterilised in a laboratory are not at liand, an 
ordinary test-tube may be a quarter filled nitli 
water, which is then well boiled over a s|)irit- 
lamp. The tube is then emptied and plugged 
cotton wool, the outside of which 
has been singed in a flame. Small stop])ered 
bottles may be sterilised and used in the same 
way. A discharge to be examined may be so 
small in quantity as to make the procedure 
(h^scribed impracticable. It may be caught on 
a piece of sterile plain gauze, or of plain al)- 
sorbent wool, which is then placed in a sterile 
vessel. Wool or gauze used for this purpose, 
or for swobbing out, say the throat, to obtain 
shreds of suspicious matter, must have no 
antiseptic impregnated in it, as the latter may 
kill the bacteria j)resent and make the obtaining 
of cultures impossible. 

Fig. 48.— -Test-tube Fluids from the body cavities, urine, etc., 

and pipette ar- secured with sterile pipettes. To make 

paiigeil for obtain- inches of ordinary quill 

ing bacteria. glass-tubing, draw out one end to a cai)iliary 
diameter, and place a little plug of cotton wool 
in the other end. Insert this tube through the cotton plug of an 
ordinary test-tube and sterilise by heat. To use it, remove 
test-tube plug with the quill tube in its centre, suck up some 
of the fluid into the latter, and replace in its former position 
in the test-tube (Fig. 48). Another method very convenient for 
transport is to^make two constrictions on the glass tube at 
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suitable distances, according to the amount of fluid to be taken. 
The fluid is drawn up into the part between the constrictions, 
but so as not to fill it comj)letely. The tube is then broken 
through at both constrictions and the thin ends are sealed by 
heating in a flame. 

Solid organs to be examined should, if possible, be obtained 
whole. They may be treated in one of two ways. 1. The 
surface over one part about an inch broad is seared with a 
cautery heated to dull red heat. All superficial organisms are 
thus killed. An incision is made in this seared zone with a 
sterile scalpel, and small quantities of the juice are removed by 
a platinum spud to make cover-glass preparations and plate or 
smear cultures. 2. An alternative method is as follows : — The 
surface is sterilised by soaking it well with 1 to 1000 corrosive 
sublimate for half an hour. It is then dried, and the capsule of 
the organ is cut through with a sterile knife, the incision being 
further deepened by tearing. In this way a perfectly uncon- 
taminated surface is obtained. Hints are often obtained from 
the clinical history of the case as to what the procedure ought 
to be in examination. Thus, as a matter of practice, cultures 
of tubercle and often of glanders bacilli can be easily obtained 
only by inoculation experiments. Typhoid bacilli need hardly 
be looked for in the beces after the first ten days of the disease, 
and so on. 

Routine Procedure in Bacteriological Examination of 
Material. — In the case of a discharge regarding wliicli nothing is 
known the following jtrocedure should be adopted : — (1) Several 
cover-glass prei)arati()ns should be made. One ought to be 
stained with saturated watery methylene-blue, one with a stain 
containing a mordant such as Ziehl-Neelsen carbol-fuchsin, one 
by Gram’s method. (2) (a) Gelatin plates should be made and 
kept at room temperature, (6) a series of agar plates or successive 
strokes on agar tubes (p. 55) should be made and incubated at 
37° C. Method (0) of course gives results more quickly. If 
microscopic investigation reveals the presence of bacteria, it is 
well to keep the material in a cool place till next day when, if 
no growth has appeared in the incubated agar, some other culture 
medium {e.g. blood serum or agar smeared with blood) may be 
employed. If growth has taken place, say in the agar plates, 
one with about 200 or fewer colonies should be made the chief 
basis for research. In such a plate the first question to be 
cleared up is : Do all the colonies present consist of the same 
bacterium The shape of the colony, its size, the appearance of 
the margin, the graining of the substance, its colour, etc., ^are all 



118 GEKERAL BACTERIOLOGICAL DIAGNOSIS 

to be noted. One precaution is necessary, viz., it must be noted 
whether the colony is on the surface of the medium or in its 
substance, as colonies of the same bacterium may exhibit 
differences according to their position. The arrangement of the 
bacteria in a surface colony may be still more minutely studied 
by means of impremmi jmparations. A cover-glass is carefully 
cleaned and sterilised by i)assing quickly several times through 
a Bunsen flame. It is then placed on the surface of the medium 
and gently pressed down on the colony. The edge is then raised 
by a sterile needle, it is seized with forceps, dried high over the 
flame, and treated as an ordinary cover-glass preparation. In 
this way very charactt;ristic appearances may sometimes be noted 
and preserved, as in the case of the anthrax bacillus. The 
colonies on a plate having been classified, a microscojuc examina- 
tion of each group may be made by means of cover-glass 
preparations, and tubes of gelatin and agar are inoculated from 
each representative colony. Eacli of the colonies used must be 
marked for future reference, preferably by drawing a circle 
round it on the under surface of the plate or capsule with one 
of Faber’s pencils for marking on glass, a number or letter 
being added for easy reference. 

The general lines along which observation is to be made in the 
case of a })articular bacterium may l)e indicated as follows : — 

1. Mimmopic Appearances . — For ordinary descriptive pur- 
poses young cultures, say of 24 hours’ growth, on agar should 
be used, thougli ajjpearances in older cultures, such as involution 
forms, etc., may also reejuire attention. Note (1) the form, (2) 
the size, (3) the appearance of the protoplasmic contents, 
especially as regards uniformity or irregularity of staining, (4) 
the method of grouping, (5) the staining reactions. Has it 
a capsule? Does the bacterium stain with simple watery 
solutions? Does it require the use of stains containing 
mordants ? How does it behave towards Gram’s method ? It is 
important to investigate the first four points both when the 
organism is in the fluids or tissues of the body and when growing 
in artificial media, as slight variations occur. It must also 
be borne in mind that slight variations are observed according 
to the kind and consistence of the medium in which the organism 
is growing. (6) Is it motile and has it flagella ? If so, how are 
they arranged ? (7) Does it form spores, and if so, under what 
conditions as to temperature, etc. ? 

2. Growth Characteristics , — Here the most important points 
on which information is to be asked are, What are the 
characters of growth and what are the relations of growth (1) to 
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temperature, (2) to oxygen? These can be answered from some 
of the following experiments : — 

A. Growth on gelatin. (1) Stab culture. Note (a) rate of 
growth ; (b) form of growth, (a) on surface, (f^) in substance ; (c) 
presence or absence of liquefaction ; (d) colour ; (e) presence or 
absence of gas formation and of characteristic smell ; (/) relation 
to reaction of medium. (2) Streak culture. (3) Shake culture. 
(4) Plate cultures. Note appearances of colonies {a) superficial, 
(b) deep. (5) Growth in fluid gelatin at 37“ C. 

B. Growth on agar at 37“ C. (1) Stab. (2) Streak. Also 
on glycerin agar, blood agar, etc. Appearances of colonies in 
agar plates. 

C. Growth in bouillon, (a) character of growth, (b) smell, (c) 
reaction. 

D. Growth on special media. (1) Solidified blood serum. 
(2) Potatoes. (3) Lactose and other sugar media. Does fermenta- 
tion occur and is gas formed ? (4) Milk. Is it curdled or turned 
sour ? (5) Litmus media. Note changes in colour. (6) Peptone 
solution. Is indol formed ? 

E. What is the viability of organism on artificial media ? 

3. RemlU of inocnlaiion ejtperwmits mi cmimah. 

By attention to such i)oints as these a considerable knowledge 
is attained regarding the bacterium, which will lead to its 
identification. In the case of many well-known organisms, how- 
ever, a few of the above points taken together will often be 
sufficient for the recognition of the s])ecies, and ex[)erience 
teaches what are the essential points as regards any individual 
organism. In the course of the systematic description of the 
pathogenic organisms, it will be found that all the above points 
will be referred to, though not in every case. 

The methods by whicli the morphological and biological cliaractcristics 
of any growth may be observed liave already been fully described. It 
need only be pointed out here that in giving dcscripLions of bacteria the 
greatest care must be taken to state every detail of investigation. Thus 
in any descri|)tion of microscopic appearances the age of the growth from 
whicli the puiparation was made, tJie medium employed, the temperature 
at which development took place must be noted, along with the stain 
which was used ; and with regard to the latter it is always preferable to 
employ one of the well-known staining combinations, such as Lbffler’s 
methylene-blue. Especial care is necessary in stating the size of a 
bacterium. The apparent size often shows slight variations dependent 
on the stain used and the growth conditions of the culture. Accurate 
measurements of bacteria can only be made by preparing microphoto- 
graphs of a definite inaLniification and measuring the sizes on the 
negatives. From these the actual sizes can easily be calculated. In 
describing bacterial cultures it must be borne in mind that the appearances 
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often vary with the age. It is suggested that in the case of cultures 
grown at from 36° to 37° C. the appearances between 24 and 48 hours 
should be made the basis of description, and in the case of cultures 
grown between 18° and 22° C. the appearances between 48 and 72 hours 
should be employed. The culture huids used must be made up and 
neutralised by the precise methods already described. The investigator 
must give every detail of the methods he has employed in order that his 
observations may be capable of repetition. 


Inoculation of Animals.^ 

The animals generally chosen for inoculation are the mouse, 
the rat, the guinea-pig, the rabbit, and the pigeon. Great caution 
must be shown in drawing conclusions from isolated experiments 
on rabbits, as these animals often manifest exceptional symptoms, 
and are very easily killed. Dogs are, as a rule, rather insuscejitible 
to microbic disease, and the larger animals are too expensive for 
ordinary laboratory purposes. In the case of the mouse and rat 
the variety must be carefully noted, as there are differences in 
susceptibility between the wild and tame varieties, and between 
the white and brown varieties of the latter. In the case of the 
wild varieties, these must be kept in the laboratory for a week or 
two before use, as in captivity they are ajit to die from very slight 
causes, and, further, each individual should be kept in a separate 
cage, as they show great tendencies to cannibalism. Of ail the 
ordinary animals the most susceptible to microbic disease is the 
guinea-pig. Practically all inoculations are })erf()rmed by means 
of the hypodermic syringe. The best variety is made on the 
ordinary model with metal mountings, asbestos washers, and 
preferably furnished with platinum-iridium needles. Before use 
the syringe and the needle are sterilised by boiling for five minutes. 
The materials used for inoculation are cultures, animal exudations, 
or the juice of organs. If the bacteria already exist in a fluid 
there is no difficulty. The syringe is most conveniently filled out 
of a shallow conical test-glass which ought previously to have 
been covered with a cover of filter paper and sterilised. If an 
inoculation is to be made from organisms growing on the surface 
of a solid medium, either a little ought to be scraped off and 
shaken up in sterile distilled water or *85 per cent salt solution 
to make an emulsion, or a little sterile fluid is poured on the growth 
and the latter scraped off into it. This fluid is then filtered into 
the test-glass through a plug of sterile glass wool. This is easily 
effected by taking a piece of | in. glass-tubing 3 in. long, drawing 

1 Experiments on animals, of course, cannot be performed in this country 
without a license granted by the Home Secretary, 
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one end out to a fairly narrow point, plugging the tube with 
glass wool above the point where the narrowing commences, and 
sterilising by heat. By filtering an emulsion through such a 
pipette, tiocculi which might block the needle are removed. If 
a solid organ or an old culture is used for inoculation it ought 
to be rubbed up in a sterile porcelain or metal crucible with a 
little sterile distilled water, by means of a sterile glass rod, and 
the emulsion filtered as in the last case. 

The methods of inoculation generally used are : (1) by 
scarification of the skin ; (2) by subcutaneous injection ; (3) by 
intraperitonea] injection ; (4) by intravenous injection ; (5) by 
injections into special regions, such as the anterior chamber of the 
eye, the substance of the lung, etc. Of these (2) and (3) are 
most frecpiently used. When an aiitesthetic is to be administered, 
this is conveniently done by j)lacing the animal, along with a 
piece of cotton-wool or sponge soaked in chloroform, under a 
bell-jar or inverted glass beaker of suitable size. 

1 . Scjirifimtiori. — A few parallel scratches are made in the 
skin of the abdomen previously cleansed, just sufficiently deep 
to draw blood, and the infective material is rubbed in with a 
l)latinum eyelet. The disadvantage of this method is that the 
inoculation is easily contaminated. The method is only 
occasionally used. 

2. Subcutaneom Injection. — A hypodernuc syringe is charged 
with the fluid to be inoculated. The hair is cut 
off the part to be inoculated, and the skin 
])arified with 1 to 1000 corrosive sublimate. 

The skin is then jnnched up and, the needle 
l)eing inserted, the requisite dose is administered. 

The wound is then sealed with a little collodion. 

3. IntraperiUmeal Injection. — This may be 
performed by means of a special form of needle. 

The needle is curved, and has its opening not at 
the point, but in the side in the middle of the 
arch (Fig. 49). The hair over the lower part 
of the abdomen is cut, and the skin purified with 
an antiseptic. The whole thickness of the ab- kiq. 49 .— Hollow 
dominal walls is then pinched up by an assistant, needle with 
between the forefingers and thumbs of the two {anfforintra- 
hands. The needle is then plunged through peritoneal^* in- 

the fold thus formed. The result is that the oculations. 

hole in the side of the needle is within the 

abdominal cavity, and the inoculation can thus be made. 
Intraperitoneal inoculation can also be practised with an 
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ordinary needle. The mode of procedure is similar, but after 
the needle is plunged through the abdominal fold, it is partially 
withdrawn till the point is felt to be free in the peritoneal 
cavity when the injection is made. There is little risk of 
injuring the intestines by either metliod. 

4. Intravenous Injection. — The vein most usually chosen is 
one of the auricular veins. The part has the hair removed, the 
skin is purified, and the vein made prominent by jjressing on it 
between the point of inoculation and the lieart. The needle is 
then plunged into the vein and the fluid injected. That it has 
perforated the vessel will be shown by the escape of a little blood; 
and that the injection has taken jilace into the lumen of the 
vessel will bti known by the absence of the small swelling which 
occurs in subcutaneous injections. If preferred, the vein may be 
first laid bare by snipping the skin over it. The needle is then 
introduced. 

5. Inoculatioii into the Anterior Cha/niber of the Eye. — Local 
amesthesia is established ])y applying a few di’ops of 2 per cent 
solution of liydrochlorate of cocaine. The eye is fixed by 
pinching up the orbital conjunctiva with a pair of fine forceps, ' 
and tlie edge of the cornea being j)erf orated by the hypodermic 
needle, the injection is easily accomplished. 

Sometimes inoculations are made by planting small i)ieces of 
pathological tissues in the subcutaneous tissue. This is especially 
done in the case of glanders and tubercle. The skin over the 
back is purilied, and the hair cut. A small incision is made with 
a sterile knife, and the skin being sei)arated from the subjacent 
tissues by means of the ends of a blunt pair of forceps, a little 
pocket is formed into which a piece of the suspected tissue is 
inserted. The wound is then closed with a suture, and collodion 
is applied. In the case of guinea-pigs, the abdominal wall is to 
be preferred as the site of inoculation, as the skin over the back 
is extremely thick. 

Injections are sometimes made into other parts of the body, 
e.g. the pleurm and the cranium. It is unnecessary to describe 
these, as the apidication of the general principles enii)loyed above, 
togetlrer with those of modern aseptic surgery, will sufticiently 
guide the investigator as to the technique which is requisite. 

After inoculation, the animals ought to be kept in comfortable 
cages, which must be capable of easy and thorough disinfection 
subsequently. For this purpose galvanised iron wire cages are the 
best. They can easily be sterilised by boiling them in the large 
fish-kettle which it is usefql to have in a bacteriological laboratory 
for such a purpose. It is preferable to have the cages opening 
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from above. Otherwise material which may be infective may be 
scratched out of the cage by the animal. The general condition 
of the animal is to be observed, how far it difiers from the normal, 
whether there is increased rapidity of breathing, etc. The 
temperature is usually to be taken. This is generally done per 
rectum. The thermometer (the ordinary 5 min. clinical variety) 
is smeared with vaselin, and the bulb inserted just within the 
sphincter, where it is allowed to remain for a minute ; it is then 
pushed well into the rectum for five minutes. If this ])recaution 
be not adopted, a reflex contraction of the vessels may take place, 
which is likely to vitiate the result by giving too low a reading. 

Collodion Capsules. — These have been used to allow the 
sojourn of bacteria within the animal body without their coming 
into contact with the cells of the tissues. Various substances 
in solution can pass in either direction through the wall by 
diffusion, but the wall is impermeable alike to bacteria and 
leucocytes. The following method of preparing such capsules is 
that of Mdlae modified by Harris. A gelatine capsule, such as 
is used by veterinary surgeons, is taken, and in one end there 
is fixed a small piece of thin glass tubing by gently heating the 
glass and inserting it. The tube becomes fixed when quite cold, 
and the junction is then painted round with collodion, wliich 
is allowed to dry thoroughly. The bore of the tubing is cleared 
of any obstructing gelatine, and the whole capsule is dii>i>ed into 
a solution of collodion so as to coat it completely. The collodion 
is allowed to dry and the coating is repeated ; it is also advis- 
able to strengthen the layer by further painting it at the 
extremity and at the junction. The interior of the capsule is 
then filled with water by a fine capillary pipette, and the capsule 
is placed in hot water in order to liquefy the gelatine, which can 
be removed from the interior by means of the fine pipette. The 
sac is filled with bouillon and is placed in a tube of bouillon. It 
is then sterilised in the autoclave. A small quantity of the 
bouillon is removed, and the contents are inoculated with the 
particular bacterium to be studied or an emulsion of the bacterium 
is added. The glass tubing is seized in sterile forceps and is 
sealed ofl’ in a small flame a short distance above the junction. 
The closed sac ought then to be placed in a tube of sterile 
bouillon to test its impermeability. The result is satisfactory if 
no growth occurs in the surrounding medium. The sac with its 
contents can now be transferred to the peritoneal cavity of an 
animal. 

Autopsies on Animals dead or killed after Inoculation.— 

These should be made as soon as possible after death. It is 
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necessary to have some shallow troughs, constructed either of 
metal or of wood covered with metal, conveniently with sheet 
lead, and having a perforation at each corner to admit a tape or 
strong cord. The animal is tightly stretched out in the trough and 
tied in position. The size of the trough will therefore have to vary 
with the size of the outstretched body of the animal to be examined.^ 
In certain cases it is well to soak the surface of the animal in 
carbolic acid solution (1 to 20) or in corrosive sublimate (1 to 
1000) before it is tied out. This not only to a certain extent 
disinfects the' skin, but, what is more important, i)reveiits hairs 
which might be affected with pathogenic products from getting 
into the air of the laboratory. The instruments necessary are 
scalpels (preferably with metal handles), dissecting force] )s, and 
scissors. They are to be sterilised by boiling for five minutes. 
This is conveniently done in one of the small })ortable sterilisers 
used by surgeons. Two sets at least ought to be used in an 
autopsy, and they may be i)laced, after boiling, on a sterile glass 
plate covered by a bell-jar. It is also necessary to have a medium- 
sized hatchet-sha])ed cautery, or other similar j)iece of metal. It 
is well to have j)re])ared a few freshly-drawn-out ca])illary tubes 
(Stored in a sterile (cylindrical glass vessel, and also some larger 
s'i'erile glass ]»i])ettes. The hair of the abdomen of the animal is 
rermUved. If some of the i)eritoneal ffuid is wanted, a band 
slioufid be cauterised down the lineaalba from the sternum to the 
puh^s, and another at i-ight angles to the up})er end of this ; an 
Miicision should be made in the middle of these bands, and the 
abdominal walls thrown to each side. One or more capillary 
tubes should then be filled with the fluid collected in the flanks, 
the fluid being allowed to run up the tube and the ])oint sealecl 
off ; or a larger {piantity, if desired, is taken in a sterile ])i];)ette. 
If peritoneal ffuid be not wanted, then an incision may be made 
from the e])isternum to the })ubes, and the thoi'ax and abdomen 
opened in the usual way. The organs ought to be removed with 
another set of instruments, and it is convenient to ])lace them 
pending examination in deep Petri’s cajisules (sterile). It is 
generally advisable to make cultures and film pre[)arations from 
the heart’s blood. To do this, open the peric-ardium, sear the 
front of the right ventricle with a cautery, make an incision in the 
middle of the ])art seared, and remove some of the blood with a 
capillary tube for future examination, or, introducing a platinum 
eyelet, inoculate tubes and make cover-glass pre[)arations at once. 
To examine any organ, sear the surface with a cautery, cut into it, 
and inoculate tubes and make film preparations with a platinum 
loop, For removing small parts of organs for making inoculations 
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on tubes, a small platinum spud is very useful, as tbe ordinary 
wires are apt to become bent. Place pieces of the organs in 
some preservative fluid for microscopic examination. The organs 
ought not to be touched with the fingers. When the examination 
is concluded the body should have corrosive sublimate or carbolic 
acid solution j)oured over it, and be forthwith burned. The 
dissecting trough and all the instruments ought to be boiled for 
half an hour. The amount of precaution to be taken will, of 
course, depend on the character of the bacterium under investiga- 
tion, but as a general rule every care should be used. 



CHAPTER IV. 

BACTERIA IN AIR, SOIL, AND WATER. 
ANTISEPTICS. 

It is impossible here to do more than indicate the chief methods 
which are employed by bacteriologists in the investigation of the 
bacteria present in air, soil, and water, and to add an outline of 
the chief results obtained. In dealing witii the latter the subject 
has been approached mainly from the standi)oint of the bearings 
which the results have towards human pathology. In dealing 
with antiseptics, so far as possible the effects of the various 
agents on the chief pathogenic bacteria have been given, though 
in many cases our information is very imperfect. 

Air. 

Very little information of value can be obtained from the 
examination of the air, but the following are the chief methods 
used, along with the results obtained. More can be learned 
from the examination of atmospheres experimentally contamin- 
ated than by the investigation of the air as it exists under 
natural conditions. 

Methods of Examination.— The methods employed vary with the 
objects in view. If it be sought to compare the relative richness of 
ditferent atmospheres in organisms, and if the atmospheres in question 
be fairly quiescent, then it is sufficient to expos(i gelatin plates for 
definite times in the rooms to be examined. Bacteria, or the particles of 
dust carrying them, fall on the plates, and from the number of colonies 
which develop a rough idea of the richness of tlie air in bacteria can bo 
obtained. Petri states that in five minutes the bacteria present in 
10 litres of air are deposited on 100 square centimetres of a gelatin 
plate. 
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More complete results are available when some method is employed by 
which the bacteria in a given quantity of air are examined. The oldest 
method employed, and one which is still used, is that of Hesse. The 
apparatus is shown in Fig. .50. It consists of a cylindrical tube a about 
20 inches long and 2 inches in diameter. At one end this is closed by a 
rubber cork having a piece of quill tubing, /, passing through it and 
projecting some distance into the interior. For use the tube is sterilised 
in a tall “Koch,” and then a quantity of peptone gelatin, suflicient to 
cover the whole interior to the thickness of an ordinary gelatin plate, is 
poured in. This gelatin 

is kept from escaping l)y / a 

the projection of the quill 
tubing into the lumen of 
the large tube. A plug 
of cotton wool is now 
placed in the outer end 
of the quill tubing. Over 
the other end of the large 
tube is tied a sheet of 
rubber having a hole 
about a quarter of an inch 
in diameter in its centre, 
and over this again is tied 
a piece of similar but un* 
perforated sheet rubber. 

The tube is then steri- 
lised in the tall “Koch.’ 

On removal from this it 
is rolled, after the manner 
of an Esmarch’s tube 
till the gelatin 
is set as a layer over 
its interior, and it is then 
placed horizontally on 
the tripod as shown. The 
other part of the appar- 
atus is an as}drator by 
means of which a known 
quantity of air can be 
brought in contact with Fig. 50. — Hesse’s tube, rnounted for use. 
the gelatin. It consists 

of two conical glass llasks connected by means of a tube which passes 
through the cork of each down to the bottom of the Hask. When this 
tube is filled with water, it, of course, can act as a syphon tube between 
volumes of water in the flasks. Such a syphon system being established, 
the levels of the Avater are marked on the flasks, and to one a litre of 
water is added, and by depressing flask 1) the whole litre can be got into 
it and the connecting tube c is then clamped. The two flasks are then 
connected by a rubber tube with the tube/, the clamp on c is opened, 
and the passing of a litre of water into d will draw a litre of air through 
the gelatin tube, when the outer rubber sheet is reraoved^ from the end 
and the clamp h opened. By disconnecting at g and reversing the syphon 
flasks, another litre can be .sucked through, and so any desired quantity 
of air can be brought in contact with the gelatin. The speed ought not 
to be more than one litre in two minutes, and in such a case practically 
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all the organisms will be found to have fallen out of the air on to the 
gelatin in the course of their transit. This kct can be tested by 
interposing between the tube a and the aspirator a second tube proytared 
in the same waj?", whicli ought, of course, to show no growth. When 
forty-eight hours at 20'’ C. or four days at lower temperature have 
elapsed, the colonies which develop in a may be counted. The dis- 
advantage of the method is that if particles of dust carrying more than 
one bacterium alight on the gelatin, these bacteria develo]! in one colony, 
and thus the enumeration results may be too low ; difficulties may also 
arise from liquefying colonies developing in the upper parts of the tube 
and running over the gelatin. 

Petri’s Sand-Filter Method. — A glass tube open at botli ends, and 
about inches long and half an inch wide, is taken, and in its centre is 
placed a transverse diaj»hragm of very fine iron 
f gauze (Fig. 51, e) ; on each side of this is placed 
some fine quartz sand which has been well washed, 
dried, and burned to remove all impurities, and this 
is kept in position by cotton ])lugs. The whole is 
sterilised by dry heat. One plug is removed and a 
sterile rubber cork, c, insert(^d, through which a tube, 
d, passes to an exhausting apparatus. The tube is 
then clarajuid in an upright yiosition in the atmo- 
sphere to be examined, with the remaining plug, 

' ^ /) uppermost. The latter is removed and the air 

sucked through. Dilliculty may he experienced 
from the resistance of the sand if quick filtration be 
j attempted. The best means to adopt is to use an 
air-pump — the amount of air diavvn ])er stroke of 
which is accurately known — and have a manometer 
(as in Fig. 31) interposed between the tube and the 
pump. Between each two strokes of the air-pumj) 
the mercury is allowed to return to zero. After 
■" ^ the required amount of air has ])asscd, the sand a 
is removed, and is distributed among a number of 
■ d sterile gelatin tubes which are well shaken ; plate 
cultures are then made, and when growth has occurred 
^ ij f •>, colonies are enumerated ; the sand h is similarly 
rnj. •'1.-— 1 etn s -treated and acts as a control. 

sand filter. When it is necessary to exandne air for particular 

organisms, special methods must often be adopted. 
Thus in the case of the suspected presence of tubercle bacilli a given 
quantity of air is drawn through a small quantity of water and then 
injected” into a guinea-pig. 

It must be admitted that comparatively little information 
bearing on the harmlessness or harmfulncss of the air is obtain- 
able by the mere enumeration of the living organisms present, 
for under certain conditions the number may be increased by 
the presence of many individuals of a purely n on-pathogenic 
character. The organisms found in the air belong to two 
groups — firstly, a great variety of bacteria ; secondly, yeasts and 
the spores of moulds and of the lower fungi. With regard to 
the spores, the organisms from which they are derived often 
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consist of felted masses of threads, from which are thrust into the 
air special filaments, and in connection with these the spores are 
formed. By currents of air these latter can easily be detached, 
and may float about in a free condition. With the bacteria, on 
the other hand, the case is different. Usually these are growing 
together in little masses on organic materials, or in fluids, and 
it is very much by the detachment of minute particles of the 
substratum that the organisms become free. The entrance of 
bacteria into the air, therefore, is associated with conditions 
which favour the presence of dust, minute droplets of fluid, etc. 
The presence of dust in particular would specially favour a large 
number of bacteria being observed, and this is the case with the 
air in many industrial conditions, where the bacteria, though 
numerous, may be quite innocuous. Great numbers of bacteria 
thus may not indicate any condition likely to injure health, and 
this may be true also even when the bacteria come from the 
crowding together of a number of healthy human beings. On 
the other hand, there is no doubt that disease germs can be 
disseminated by means of the air. The possibility of this 
has been shown experimentally by infecting the mouth with the 
b. prodigiosus, which is easily recognised by its brilliantly 
coloured colonies, and then studying its subsequent distribution. 
Most important here is the infection of the air from sick persons. 
The actions of coughing, sneezing, speaking, and even of deep 
breathing, distril)ute, often to a considerable distance, minute 
droplets of secretions from the mouth, throat, and nose, and these 
may float in the air for a considerable time. Even five hours 
after an atmosphere has been thus infected evidence may be 
found of bacteria still floating free. , Before this time, however, 
most of the bacteria have settled upon various objects, where 
they rapidly dry, and are no longer displaceable by ordinary air 
currents. The diseases of known etiology where infection can 
thus take place are diphtheria, influenza, pneumonia, and phthisis ; 
and here also probably whooping-cough, typhus fever, and measles 
are to be added, though the morbific agents are unknown. In 
the case of phthisis, the alighting of tubercle bacilli has been 
demonstrated on cover-glasses held before the mouths of patients 
while talking, and animals made to breathe directly in front of 
the mouths of such patients have become infected with 
tuberculosis. Apart from direct infection from individuals, 
however, pathogenic bacteria may be spread in some cases from 
the splashing of infected water, as from a sewage outfall. 
This possibility has to be recognised especially in the cases of 
typhoid and cholera. Besides infection through fluid particl^, 



130 


BACTERIA IN AIR 


infection can be caused in the air by dust coming, say, from 
infected skin or clothes, etc. Fliigge, in dealing with this 
subject in an experimental inquiry, distinguishes between large 
particles of dust which require an air current moving at the rate 
of 1 centimetre per second to keep them suspended, and the finer 
dust which can be kept in suspension by currents moving at from 
1 to 4 millimetres per second. In the former case, wdien once 
the particles alight they cannot be displaced by currents of air 
except when these are moving at, at least, 5 metres per second, 
but the brushing, shaking, or beating of objects may, of course, 
distribute them. In the case of the finer dust the particles will 
remain for long suspended, and when they have settled can be 
more easily displaced, as by the wavirig of an arm, breathing, 
etc. With regard to infection by dust, a most important factor, 
however, is whether or not the infecting agent can preserve its 
vitality in a dry condition. In the case of a sporing organism 
such as anthrax, vitality is preserved for long periods of time, 
and great resistance to drying is also possessed by the tubercle 
and diphtheria bacilli ; but apart from such cases there is little 
doubt that infection is usually necessarily associated with the 
transport of moist particles, and is thus confined to a limited 
area around a sick person. Among diseases which may 
occasionally be thus spread cholera and typhoid have been classed. 
Considerable controversy has arisen with regard to certain out- 
breaks of the latter disease, which have apparently been spread 
by dusty winds, although we have the fact that the typhoid 
bacillus does not survive being dried even for a short time. 
It appears, however, that in such epidemics the transport of 
infection by means of insects carried by the wind lias not been 
entirely excluded. 

As in the cases of the soil and of water, presently to be described, 
attempts have been made to obtain indirect evidence of tlie contamination 
of the air by man. Tlius Gordon has shown that certain strejitococci 
are common in the saliva ; these resemble the streptococcus pyogenes, but 
are relatively non-pathogenic, grow well at 37° C. and under anaerobic 
conditions, cause clotting and acid-formation in litmus milk at 37°, and 
in neutral-red media have an action resembling that of b. coli. These 
characters serve, according to Gordon, to dillerentiate organisms of 
human origin from ordinary streptococci occurring in the air and which 
he states grow better at about 22° C., are facultative anaerobes and 
do not produce the changes in milk and in neutral-red media. Thus 
the finding of streptococci of the first group in plates exposed to air 
would indicate that a human source was probable, and, if the observation 
were made on air from the neighbourhood of a sick person, that risk of 
the dissemination of disease germs was present. The value of this as a 
practical method has yet to be determined. 



BACTERIA IN SOIL 


181 


Soil. 

The investigation of the bacteria which may be found in the 
soil is undertaken from various points of view. Information 
may be desired as to the change its composition undergoes by a 
bacterial action, the result of which may be an increase in 
fertility and thus in economic value. Under this head may be 
grouped inquiries relating to the bacteria which convert 
ammonia and its salts into nitrates and nitrites, and to the 
organisms concerned in the fixation of the free nitrogen of the 
air. The discussion of the questions involved in such inquiries 
is outside the scope of the present chaj>ter, which is more con- 
cerned with the relation of the bacteriology of the soil to (piestions 
of public health. So far as this narrower view is concerned, soil 
bacteria are chiefly of importance in so far as they can be washed 
out of the soils into potable water sup})lies. An important aspect 
of this question thus is as to the significance of certain bacterio- 
logical appearances in a water in relation to the soil from which 
it has come or over which it has flowed. In this country these 
questions have been chiefly investigated by Houston, and it is 
from his papers that the following account is largely taken. 

Methods of Examination. — For examination of soil on surface or not 
far from surface, Houston recommends tin troughs 10 in. by 3 in. and 
pointed at one extremity, to be wrapped in layej’s of ])aper and sterilised 
by dry heat. If several of these be provided, then the soil can be well 
rubbed up and a sample secured and placed in a sterile test-tube for 
examination as soon as convenient after collection. If samples are to 
be taken at some depth beneath the surface, then a special instrument 
of which many varieties have been devised must be used. The general 
form of these is that of a gigantic gimlet stoutly made of steel. Just 
above the point of the instrument the shaft has in it a hollow chamber, 
and a sliding lateral door in this can bo opened and shut by a mechanivsm 
controlled at the liandle. Tlie chamber being sterilised and closed, the 
instrument is bored to the required dej)th, the door is slid back, and by 
varying devices it is effected that the chamber is filled with earth ; the 
door is reclosed and the instrument withdrawn. 

Ill any soil the two important lines of inquiry are first as to the total 
number of organisms (usually reckoned per gramme of the fresh sample), 
and secondly as to the varieties of organisms present. The number of 
organisms present in a soil is often, however, so enormous that it is con- 
venient to submit only a fraction of a gramme to examination. The 
method employed is to weigh the tube containing the soil, shake out an 
amount of about the size of a bean into a litre of distilled water, and re- 
weigh the tube. The amount placed in the water is distributed as 
thoroughly as possible by shaking, and, if necessary, by rubbing down 
with a sterile glass rod, and small quantities measured from a graduated 
pipette are used for the investigation. For estimating the total number of 
organisms present in the portion of soil used, small quantities, say *1 c.c. 
and 1 C.C., of the fluid are added to melted tubes of ordinary alkaline 
peptone gelatin ; after being shaken, the gelatin is plated, incubated at 
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22° 0., and the colonies are counted as late as the liquefaction, which 
always occurs round some of them, will allow. From these numbers the 
total number of organisms present in the amount of soil originally present 
can be calculated. 

The numbers of bacteria in the soil vary very much. Accord- 
ing to Houston’s results, fewest occur in uncultivated sandy soils, 
these contaiuing on an average 100,000 per gramme. Peaty soils, 
though rich in organic matter, also give low results, it being 
possible that the acidity of such soils inhibits free bacterial 
growth. Garden soils yield usually about 1,500,000 bacteria 
per gramme, but the greatest numbers are found in soils which 
have been polluted by sewage, when the figures may rise to 
115,000,000. In addition to the enumeration of the numbers 
of bacteria present, it is a question whether something may not 
be gained from a knowledge of the number of si)ores present in 
a soil relative to the total number of bacteria. This is a point 
which demands further inquiry, especially by the periodic investi- 
gation of examples of different classes of soils. The method is to 
take 1 c.c. of such a soil emulsion as that just described, add it 
to 10 c.c. of gelatin, heat for ten minutes at 80° C. to destroy 
the non-spored bacteria, plate, incubate, and count as before. 

Besides the enumeration of the numbers of bacteria present in 
a soil, an important question in its bacteriological examination 
lies in inquiring what kinds of bacteria are })resent in any par- 
ticular case. Practically this resolves itself into studying the 
most common bacteria present, for the complete examination of 
the bacterial fiora of any one sample would occui)y much 

time. Of these common bacteria the most important are those 
from whose presence indications can be gathered of the con- 
tamination of the soil by sewage, for from the public health 
standpoint this is by far the most important question on which 
bacteriology can shed light. 

Bacillus myco‘idcs.—T\m bacillus is 1’6 to 2*4 /u in length and about ’9 
in breadth. It grows in long threads which often show motility. It 
can be readily stained by such a combination as carbol-thionin, and re- 
tains the dye in Gram’s method. All ordinary media will support its 
growth, and, in surface growths on agar or potato spore, formation is 
readily produced. Its optimum temperature is about 18° C. On gelatin 
plates it shows a very characteristic appearance. At first under a low 
power it shows a felted mass of filaments throwing out irregular shoots 
from the centre, and later to the naked eye these appear to be in the 
form of thick threads like the grow^th of a mould. They rapidly spread 
over the surface of the medium, and the whole resembles a piece of wet 
teased'Out cotton wool. The gelatin is liquefied. 

. Cladothrim . — Of these several kinds are common in the soil. The 
ordinary cladothrix dichotoma is among them. This organism appears 
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as colourless flocculent growth with an opaque centre, and can be seen 
uilder the microscope to send out into the medium apparently branched 
threads which vary in thickness, being sometimes 2 across. They 
consist of rods enclosed in a sheath. These rods may divide at any 
point, and thus the terminal elements may be pushed along the sheath. 
Sometimes the sheath ruptures, and thus by the extrusion of these 
dividing cells and their further division the brandling appearance is 
originated. Reproduction takes place by the formation of gonidia in the 
interior of the terminal cells. These gonidia acquire at one end a bundle 
of flagella, and for some time swim free before becoming attached and 
forming a new colony. Houston describes as occurring in the soil another 
variety, which with similar microscopic characters appears as a brownish 
growth with a pitted surface, and difl'using a bismarck-brown pigment 
into the gelatin which it liquefies. 

A few experiments made with an ordinary field soil will, however, 
familiarise the worker with the non-pathogonic bacteria usually present. 
We have referred to these two because of their importance. In regard 
to pathogenic organisms, especially in relation to possible sewage con- 
tamination, attention is to be directed to three groups of organisms, 
those resembling the b. coli, the bacillus enteritidis sporogenes, and the 
streptococcus pyogenes. The characters of the first two of these will 
be found in the chapter on Typhoid Fever ; of the third in Chap. VI. 
For the detection of these bacteria Houston recommends the following 
procedure. 

{a) The B. coli group. A third of a gramme of soil is added to 10 c.c. 
phenol broth {vide chapter on Typhoid Fever) and incubated at 37° C. 
In this medium very few if any other bacteria except those of the b. coli 
group will grow, so that if after twenty-four hours a turbidity appears, 
some of the latter may be suspected to be present. In such a case a 
loop fill of the broth is shaken up in 5 c.c. sterile distilled water, and of 
this one or two loopfuls are spread over the surface of a solid plate of 
phenol gelatin in a Petri capsule either by means of the loop or of 
a small platinum spatula, and the plate is incubated at 20° C. Any 
colonies which resemble b. coli are then examined by the culture 
methods detailed under that organism. Further, all organisms having 
the microscopic appearances of b. coli, and which generally conform to 
its culture reactions, are to be reckoned in the coli grou^. The media 
of MacConkey and Drigalski are very useful in connection with the separa- 
tion of such soil organisms [v. pp. 42, 43). 

(6) The Bacillus enteritidis sporogenes. To search for this organism 1 
gramme of the soil is thoroughly distributed in 100 c.c. sterile distilled 
water, and of this 1 c.c., T c.c., and *01 c.c. is added to each of three sterile 
milk tubes. These are heated to 80° C. for ten minutes and then cultivated 
anaerobically at 37° C. for twenty-four hours. If the characteristic appear- 
ances seen in such cultures of the b. enteritidis {g.v.) are developed, 
then it may fairly safely be deduced that it is this organism which has 
produced them. 

(c) Feecal Streptococci. The method here is to pour out a tube of agar 
into a Petri capsule, and when it has solidified to spread out T c.c. of 
the emulsion of soil over it and incubate at 37° C. for twenty-four hours. 
At this temperature many of the non-pathogenic bacteria grow with 
diflSculty, and thus the number of colonies which develop is relatively 
small. Colonies having appearances resembling those of the streptococcus 
pyogenes {q.v.) can thus be investigated. Much work has been devoted 
to the question of these fsecal streptococci presenting specific characters by 
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stopper with forceps. Care must be taken not to touch the water-bed, 
as the vegetable matter covering it contains a large number of organisms. 
The bottles ought to be packed in ice and sawdust, and plates must be 
prepared from the samples as soon as possible. When the object in 
view is to determine the number of bacteria per cubic centimetre, it is 
important to note that water bacteria grow at very varied rates, and 
therefore it is well that the same time should always elapse before the 
colonies are counted. The period of growing usually allowed is forty- 
eight hours at 20° C. 

Several points may be here noted. It has been found, for instance, 
that sliglit variations in the reaction of the medium affect the number 
of colonies which develop. A slightly greater degree of alkalinity than 
peptone gelatin, as ordinarily prepared, possesses — such an increased 
degree as that caused by the addition of '01 grm. Na. 2 C 03 to 10 c.c. 
peptone gelatin— will give a greater yield of colonies than the ordinaiy 
gelatin. Again, the natural temperature of the growth of water bacteria 
in temperate climates is comparatively low, being not often above 18° C., 
and, on account of this, gelatin suggests itself as the most suitable 
medium. This can bo seen by comparing the growth on an agar plate 
inoculated with a given quantity of water, and incubated at 37° 0., with 
the growth on a precisely similar gelatin plate incubated at 20° C,, as it 
will be found that many more colonies have developed on the latter. 
This fact may be taken advantage of when pathogenic bacteria are being 
sought for in a water. The latter usually grow well at 37° C., and thus 
if agar ])lates be used the search may be facilitated. Apart from the 
difference of incubation temperatures, however, in such a case as that 
cited, it is probable that agar is a less suitable medium than gelatin for 
the growth of water bacteria, for in plates incubated at the same 
temperature the colonies which grow on the agar are often fewer than 
those on the gelatin. Probably no one medium will support the growth 
of all the organisms present in a given sample of water, and under 
certain circumstances special media must therefore be used. Thus 
Hansen found that in testing waters to be used in brewing it was 
advisable to have in the medium employed some sterile wort or beer, so 
that the organisms in the test experiments should be provided with the 
food materials which would be present in the commercial use of the water. 
Manifestly this principle applies generally in the bacteriological examina- 
tion of waters to be used for industrial purposes. 

In ordinary public health work it may be taken that the most 
frequent and important inquiry is directed towards the presence or 
absence of the b. coli and its congeners. Many methods are here used 
but we consider that in which MacConkey’s bile-salt media are employed 
the most convenient. For small quantities of water, — up to 1 c.c,, — the 
sample is simply added to a Durham’s tube of bile-salt glucose neutral- 
red broth and incubated for 48 hours. When it is necessary to examine 
larger samples it is convenient, as Savage recommends, to have the bile- 
salt broth made of double, treble, or quadruple its usual strength. 
The water to be examined is used as the diluent by which the medium 
is brought down to the ordinary concentration. If gas forms, some of 
the coli group are almost certainly present. The organisms may be 
plated out by smearing a little of the broth on bile-salt agar for further 
isolation ana examination. 


With regard to the objects with which the bacteriological 
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examination of water may be undertaken, though these may 
be of a purely scientific character, they usually aim at contribut- 
ing to the settlement of questions relating to the potability of 
waters, to their use in commerce, and to the efficiency of pro- 
cesses undertaken for the purification of waters which have 
undergone pollution. The last of these objects is often closely 
associated with the first two, as the question so often arises 
whether a purification process is so efficient as to make the 
water again fit for use. 

Water derived from any natural source contains bacteria, 
though, as in the case of some artesian wells and some springs, 
the numbers may be very small, e.g. 4 to 100 per c.c. In rain, 
snow, and ice there are often great numbers, those in the first two 
being derived from the air. Great attention has been paid to 
the bacterial content of wells and rivers. With regard to the 
former, precautions are necessary in arriving at a judgment. 
If the water in a well, has been standing for some time, 
multiplication of bacteria may give a high value. To meet this 
difficulty, if practicable, the well ought to be ])umped dry and 
then allowed to fill, in order to get at what is really the im- 
portant point, namely, the bacterial content of the water entering 
the well. Again, if the sediment of the well has been stirred 
up a high value is obtained. Ordinary wells of medium depth 
contain from 100 to 2000 per c.c. With regard to rivers very 
varied results are obtained. Moorland streams are usually very 
pure. In an ordinary river the numbers present vary at 
different seasons of the year, whilst the prevailing temperature, 
the presence or absence of decaying vegetation, or of washings 
from land, and dilution with large quantities of pure spring 
water, are other important features. Thus the Franklands 
found the rivers Thames and Lea purest in summer, and this 
they attributed to the fact that in this season there is most 
spring water entering, and very little water as washings off land. 
In the case of other rivers the bacteria have been found to be 
fewest in winter. A great many circumstances must therefore 
be taken into account in dealing with mere enumerations of 
water bacteria, and such enumerations are only useful when 
they are taken stimultaneously over a stretch of river, with 
special reference to the sources of the water entering the river. 
Thus it is usually found that immediately below a sewage 
effluent the bacterial content rises, though in a comparatively 
short distance the numbers may markedly decrease, and it may 
be that the river as far as numbers are concerned may appear 
to return to its previous bacterial content. The numbers of 
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are required, thougli on this point there may be some difference 
of opinion. Certainly very fair results are obtained when 
apparently the conditions chiefly favour aerobic organisms alone. 
This is usually effected by running the sewage on to beds of sand, 
or preferably of coke, allowing it to stand for some hours, slowly 
running the effluent out through the bottom of the bed, and 
leaving the bed to rest for some hours before recharging. The 
final result is better if the effluent be afterwards run over another 
similar coke-bed. According to some authorities the sewage, as 
it runs into the first bed, takes up from the air considerable free 
oxygen, which, however, soon disappears during the stationary 
period, so that on leaving the first bed the sewage contains little 
oxygen. In the latter part of its stay it has thus been submitted 
to anaerobic conditions. Further, while by the passage of the 
effluent out of the first bed oxygen is sucked in, this rapidly dis- 
appears, and during the greater part of the resting stage the 
interstices of the bed are filled with carbonic acid gas, with 
nitrogen partly derived from the air, partly from putrefactive 
processes, and thus in the filter anaerobic conditions prevail, 
under which the bacteria can act on the deposit left on the coke. 
On this latter point there is difference of opinion, for, in examin- 
ing London sewage, Clowes has found oxygen present in 
abundance from four to forty hours after the sewage has been 
run off. Sometimes the treatment of the sewage consists in 
allowing it continuously to trickle through sand or gravel or coke 
beds. Probably the best results in sewage treatment are obtained 
when it is practicable to introduce a step where there can be no 
doubt that the conditions are anaerobic. This involves as a pre- 
liminary stage the treatment of the sewage in what is called a 
septic tank, and the method has been adopted at Exeter, Sutton, 
and Yeovil in this country, and very fully worked at in America 
by the State Board of Health of Massachusetts. In the explana- 
tion given of the rationale of this process, sewage is looked on as 
existing in three stages. (1) First of all, fresh sewage — the newly 
mixed and very varied material as it enters the main sewers. 
(2) Secondly, stale seivage—i\iQ ordinary contents of the main 
sewers. Here there is aMndant oxygen, and as the sewage flows 
along there occurs by bacterial action a certain formation of 
carbon dioxide and ammonia which combine to form ammonium 
carbonate. This is the sewage as it reaches the purification works. 
Here a preliminary mechanical screening may be adopted, after 
which it is run into an air-tight tank — the septic tank. (3) 
It remains there for from twenty-four to thirty-six hours, and 
becomes a foul-smelling fluid — the septic sewage. The chemical 
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changes which take place in the septic tank are of a most complex 
nature. The sewage entering it contains little free oxygen, and 
therefore the bacteria in the tank are probably largely anaerobic 
and the changes which they originate consist of the formation of 
comparatively simple compounds of hydrogen with carbon, 
sulphur, and phosphorus. As a result there is a great reduction 
in the amount of organic nitrogen, of albuminoid ammonia, and 
of carbonaceous matter. The latter fact is important, as the 
clogging of ordinary filter beds is largely due to the accumulation 
of such material, and of matters generally consisting of cellulose. 
One further important efiect is that the size of the deposited 
matter is decreased, and therefore it is more easily broken up 
in the next stage of the process. This consists of running the 
effluent from the septic tank on to filter beds, preferably of coke, 
where a further purification process takes i)lace. By this method 
there is first an anaerobic treatment succeeded by an aerobic ; 
in the latter the process of nitrification occurs by means of the 
S];)ecial bacteria concerned. The results are of a satisfactory nature, 
there being often a marked diminution in the number of coli 
organisms present. 

Often the effluent from a sewage purification system contains 
as many bacteria as the sewage entering, but, especially by means 
of the septic tank method, there is often a marked diminution. 
It is said by some that pathogenic bacteria do not live in sewage. 
The tyj)hoid bacillus has been found to die out when placed in 
sewage, but it certainly can live in this fluid for a much longer 
period than that embraced by any purification method. Thus 
the constant presence of b. coli, b. enteritidis, and streptococci 
which has been observed in sewage effluents must here still be 
looked on as indicating a possible infection with the typhoid 
bacillus, and it is only by great dilution and prolonged exposure 
to the conditions present in running water that such an effluent 
can be again a part of a potable water. 


Antiseptics, 

The death of bacteria is judged of by the fact that when 
they are placed on a suitable food medium no development 
takes place. Microscopically it would be observed that division 
no longer occurred, and that in the case of motile species move- 
ment would have ceased, but such an observation has only 
scientific interest. From the importance of being able to kill 
bacteria an enormous amount of work has been done in the way 
of investigating the means of doing so by chemical means, 
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and the bodies having such a capacity are called antiseptics. It 
is now known that the activity of these agents is limited to 
the killing of bacteria outside the animal body, but still even 
this is of high importance. 

Methods. —These vary very much. In early inquiries a great point 
was made of the jirevention of putrefaction, and work was done in the 
way of tinding how muclji of an agent must be added to a given solution 
such as beef extract, urine, etc., in order that the bacteria accidentally 
present might not develop ; but as bacteria vary in their powers of re- 
sistance, the method was unsatisfactory, and now an antiseptic is usually 
judged of by its edects on pure cultures of definite pathogenic microbes, 
and in the case of a sporing bacterium the ehect on both the vegetative 
and spore forms is investigated. Tlie organi.sms most used are the 
staphylococcus pyogenes, strei)tococcus ])yogenes, and tin? organisms of 
typhoid, cholera, diphtheria, and anthrax— the latter being most used 
for testing the action on s]»ores, Tlie best method to employ is to take 
sloped agar cultures of the test organism, scrape olf the growth, and mix 
it up with a small amount of distilled water and filter this emulsion 
through a plug of sterile glass wool held in a small sterile glass funnel, 
add a measured quantity of this fluid to a given quantity of a solution 
of the antiseptic in distilled water, then alter the la))80 of the period of 
observation to remove one or two loopfuls of the mixture and jdace them 
in a great excess of culture medium. Here it is jireferable to use fluid 
agar, which is then plated and incubated ; such a procedure is prefer- 
able to the use of bouillon tubes, as any colonies developing can easily 
be recognised as belonging to the species of bacterium used. In dealing 
with strong solutions of chemical agents it is necessary to he sure that 
the culture fluid is in great excess, so that the small amount of the 
antiseptic which is transferred with the bacteria may be diluted far 
beyond the strength at which it still can have any noxious inlliicnce. 
Sometimes it is possible at the end of the period of observation to 
change the antiseptic into inert bodies by the addition of some otlier 
substance and then te.st the condition of the bacteria, and if the inert 
substances are fluid there is no objection to this ])roceeding, but if in 
the process a precipitate results, then it is better not to have recourse 
to such a method, as sometimes the bacteria are carried down with the 
precipitate and may escape the culture test. The advisability of, when 
possible, thus chemically changing the antiseptic was first brought to 
notice by the criticism of Koch’s statements as to the efficacy of 
mercuric chloride in killing the spores of the b. antliracis. The method 
he employed in his experiments was to soak silk threads in an emulsion 
of anthrax s})ores and dry them. These w'ere then subjected to the 
action of the antiseptic, well washed in water, and laid on the surface of 
agar.* It was found, however, that with threads exposed to a far higher 
concentration of the corrosive sublimate than Koch had stated was 
sufficient to prevent growth, if the salt were broken up by the action of 
ammonium sulphide and this w’ashed off, growth of anthrax still occurred 
when the threads were laid on agar. The explanation given was that 
the antiseptic had formed an albuminate with the case of each spore, and 
that this prevented the antiseptic from acting upon the contained 
protoplasm. Such an occnrremje only takes place with spores, and the 
method given above, in which the small amount of antiseptic adhering 
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to the bacteria is swamped in an excess of culture fluid, can safely be 
followed, especially when a series of antiseptics is being compared. 

Much attention has been paid to the standardisation of antiseptics, 
and a watery solution of carbolic acid is now generally taken as the 
standard with Avhich other antiseptics are compared. Kideal and 
Walk(jr point out that 110 parts by weight of B, P. carbolic acid eoual 
100 paits by weight of {dienol, and they recommend the following method 
of standardising. To 5 c.c. of a particular dilution of the di dnfectant 
add 5 drojisof a 24-hour old bouillon culture of the organism (usually 
b. typhosus) which has been incubated at a7° C. Shake the mixture and 
make subcultures every 2^ minutes to 15 minutes. Perform a parallel 
series of experiments with carbolic acid and express the comparative 
result in multiples of the caibolic acid doing the same work. 

The Action of Antiseptics. — In inquiries into the actions of 
antiseptics attention to a great variety of factors is necessary, 
especially when the object is not to compare different antiseptics 
with one another, but when the absolute value of any body is 
being investigated. Thus the medium in which the bacteria to 
be killed are situated, is important ; the more albuminous the 
surroundings are, the greater degree of concentration is required. 
Again, the higher the temperature at which the action is to take 
place, the more dilute may the antiseptic be, or the shorter the 
exposure necessary for a given effect to take place. The most 
important factor, however, to be considered is the chemical 
nature of the substances employed. Though nearly every sub- 
stance which is not a food to the animal or vegetable body is 
more or less harmful to bacterial life, yet certain bodies have 
a more marked action than others. Thus it may be said that 
the most important antiseptics are the salts of the heavy metals, 
certain acids, especially mineral acids, certain oxidising and re- 
ducing agents, a great variety of substances belonging to the 
aromatic series, and volatile oils generally. In comparing 
different bodies belonging to any one of these groups the 
chemical composition or constitution is very important, and if 
such comparisons are to be made, the solutions compared must 
be equimolecular ; in other words, the action of a molecule of 
one body mu«t be compared with the action of a molecule of 
another body. This can be done by dissolving the molecular 
weight in grammes in say a litre of water (see p. 33). When 
this is done important facts emerge. Thus, generally speaking, 
the compounds of a metal of high atomic weight are more 
powerful antiseptics than those of one belonging to the same 
series, but of a lower atomic weight. Among organic bodies 
again substances with high molecular weight are more powerful 
than those of low molecular weight — thus butyric alcohol is more 
powerful than ethylic alcohol — and important differences among 
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the aromatic bodies are associated with their chemical constitu- 
tion. Thus among the cresols the ortho- and para-bodies re- 
semble each other in general chemical properties, and stand apart 
from metacresol ; they also are similar in antiseptic action, and 
are much stronger than the meta-body. The same may be 
observed in the other groups of ortho-, meta-, and para-bodies. 
Again, such a property as acidity is important in the action of a 
substance, and, generally speaking, the greater the avidity of an 
acid to combine with an alkali, the more powerful an antiseptic 
it is. With regard to oxidising agents and reducing agents, 
probably the possession of such properties has been overrated as 
increasing bactericidal potency. Thus in the case of such re- 
ducers as sulphurous acid and formic acid, the effect is apparently 
chiefly due to the fact that these substances are acids. Formic 
acid is much more efficient than formate of sodium. In the case 
of permanganate of potassium, which is usually taken as the 
type of oxidising agents in this connection, it can be shown that 
the greater amount of the oxidation which takes place when this 
agent is brought into contact with bacteria occurs after the 
organisms are killed. Such an observation is, however, not 
conclusive as to the non-efficiency of the oxidation process, for 
the death of the bacteria might be due to the oxidation of a 
very small part of the bacterial i)rotoplasm. Apart from the 
chemical nature of antiseptic agents, the physical factors con- 
cerned in their solution, especially when they are electrolytes, 
probably play a part in their action. The part played by such 
factors is exemplified in the important fact that a strong solution 
acting for a short time will have the same effect as a weaker 
solution acting for a longer time. From what has l)een said it 
will be realised that the real causes of a material being an 
antiseptic are very obscure, and at present we can only have a 
remote idea of the factors at work. 

The Actions of certain Antiseptics. —Here we can only 
briefly indicate certain results obtained with the more common 
members of the group. 

Chlorine . — All the halogens have been found to be powerful 
antiseptics, but from the cheapness with which it can be produced 
chlorine has been most used ; not only is it the chief active 
agent in the somewhat complex action of bleaching powder, but 
it is also the chief constituent of several proprietary substances, 
of which “ Electrozone ” is a good example. This last substance 
is made from electrolysing sea -water, when magnesia and 
chlorine being liberated, magnesium hypochlorite and magnesium 
chloride are formed. In the action of this substance free hypo- 
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chlorous acid is formed, and the effect produced is thus similar 
to that of bleaching powder. Nissen, investigating the action of 
the latter, found that 1| per cent killed typhoid bacilli in heces ; 
and Rideal found that 1 part to 400-500 disinfected sewage in 
fourteen minutes, and Delepine’s results show that 1 part to 50 
(equal to *66 per cent of chlorine) ra])idly kills the tubercle 
bacillus, and 1 part to 10 (e(|ual to 3*3 per cent) killed anthrax 
spores. Klein found that *05 per cent of chlorine killed most 
bacterial spores in live minutes. 

Iodine TercMoride . — This is a very unstable compound of 
iodine and chlorine, and though it has been much used as an 
antiseptic, seeing that the substance only remains as IC1_^ in 
an atmosphere of chlorine gas, it is open to doubt whether the 
effects described are not due to a very complicated action of 
free hydrochloric acid, hydriodic acid, of oxyacids of clilorine 
and iodine produced by its decomposition, and also, in certain 
cases, of organic iodine compounds formed from its contact with 
albuminous material. It is stated that the action is very potent : 
a 1 ])er cent solution is said instantly to kill even anthrax spores, 
but if the spores be in bouillon, death occurs after from ton to 
twelve minutes. In serum the necessary exposure is from thirty 
to forty minutes. A solution of 1-1000 will kill the typhoid, 
cholera, and diphtheria organisms in five minutes. 

Ncm^ent — This is chiefly available in two ways — firstly, 

when in the breaking up of ozone the free third atom of tlie 
ozone molecule is seeking to unite with another similar atom ; 
secondly, when peroxide of hydrogen is broken up into water 
and an oxygen atom is thereby liberated. In commerce the 
activity of “Sanitas” compounds is due to the formation of 
ozone by the slow oxidation of the resin, cain|)hor, and thymol 
they contain. 

Perchloride of Mercury , — Of all the salts of the heavy metals 
this has been most widely employed, and must be regarded as 
one of the most powerful and useful of known antisei)tics. In 
testing its action on anthrax spores there is no doubt that in the 
earlier results its potency was overrated from a neglect of the 
fact already alluded to, that in the spore-case an albuminate of 
mercury was formed which prevented the contained protoplasm 
from developing, while not depriving it of life. It has been 
found, however, that this salt in a strength of 1-100 will kill the 
spores in twenty minutes, although an hour’s exposure to 1-1000 
has no effect. The best results are obtained by the addition to 
the corrosive sublimate solution of *5 per cent of sulphuric acid 
or hydrochloric acid ; the spores will then be killed by a seventj- 
10 
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minute exposure to a 1-200 solution. When, however, organisms 
in the vegetative condition are being dealt with, much weaker 
solutions are sufficient; thus anthrax bacilli in blood will be 
killed in a few minutes by 1-2000, in bouillon by 1-40,000, and 
in water by 1-500,000. Plague bacilli are killed by one to two 
minutes’ exposure to 1-3000. Generally speaking, it may be said 
that a 1-2000 solution must be used for the practically instan- 
taneous killing of vegetative organisms. 

Perchloride of mercury is one of the substances which have 
been used for disinfecting rooms by distributing it from a spray 
producer, of which the Equifex may be taken as a type. With 
such a machine it is calculated that 1 oz. of perchloride of 
mercury used in a solution of 1-1000 will probably disinfect 3000 
square feet of surface. Such a procedure has been extensively 
used in the disinfection of plague houses, but the use of a stronger 
solution (1-500 acidulated) is probably }»referable. 

Fomialin as a commercial article is a 40 per cent solution of 
formaldehyde in water. This is a substance which of late years 
has come much into vogue, and it is undoubtedly a valuable 
antiseptic. A disadvantage, however, to its use is tliat, when 
diluted and exposed to air, amongst other changes which it 
undergoes it may be transformed, under little understood 
conditions, into trioxymethylene and paraformaldehyde, these 
being polymers of formaldehyde. The bactericidal values of these 
mixtures are thus indefinite. Formalin may be used either by 
applying it in its liquid form or as a spray, or the gas which 
evaporates at ordinary temperatures from the solution may be 
utilised. To disinfect such an organic mixture as pus containing 
pyogenic organisms a 10 per cent solution acting for half an 
hour is necessary. In the case of pure cultures, a 5 per cent 
solution will kill the cholera organism in three minutes, anthrax 
bacilli in a quarter’ of an hour, and the spores in five hours. 
When such organisms as i)yogenic cocci, cholera spirillum, and 
anthrax bacillus infect clothing, an exposure to the full strength 
of formalin for two hours is necessary, and in the case of anthrax 
spores, for twenty-four hours. Silk threads impregnated with 
the plague bacillus were found to be sterile after two minutes’ 
exposure to formalin. 

The action of formalin vapour has been much studied, as its 
use constitutes a cheap method of treating infected rooms, in 
which case some spray-producing machine is employed. It is 
stated that a mixture of 8 c.c. of formalin with 48 c.c. of water 
is sufficient wffien vapourised to disinfect one cubic metre, so far 
as non-sporing organisms are concerned. It is stated that 1 part 
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formalin in 10,000 of air will kill the cholera vibrio in one hour, 
diphtheria bacillus in three hours, the staphylococcus pyogenes 
in six hours, and anthrax spores in thirteen hours. In the case 
of organisms which have become dry it is probable, however, 
that much longer exposures are necessary, but on this point we 
have not definite information. 

Formalin gas has only a limited application ; it has little 
effect on dry organisms, and in the case of wet organisms, in 
order to be effective, probably must become dissolved so as to 
give the moisture a proportion analogous to the strengths stated 
above with regard to the vapour. 

Sulphurous Acid . — This substance has long been in use, 
largely from the cheapness with which it can be produced by 
burning sulphur in the air. An atmosphere containing *98 per 
cent will kill the pyogenic cocci in two minutes if they are wet, 
and in twenty minutes if they are dry ; and anthrax bacilli are 
killed by thirty minutes’ exposure, but to kill anthrax spores an 
exposure of from one to two hours to an atmosphere containing 
1 1 per cent is necessary. For a small room the burning of about 
a pound and a half (most easily accomplished by moistening the 
sulphur with methylated spirit) is usually considered sufficient. 
It has been found that if bacteria are protected, e.g. when 
theyiare in the middle of small bundles of clothes, no effect is 
produced even by an atmosphere containing a large proportion 
of the sulphurous acid gas. The practical ajiplications of this 
agent are therefore limited. 

FotaMium Penmuganate . — The action of this agent very 
much depends on whether it can obtain free access to the 
bacteria to be killed or whether these are present in a solution 
containing much organic matter. In the latter case the oxidation 
of the organic material throws so much of the salt out of action 
that there may be little left to attack the organisms. Koch 
found that to kill anthrax spores a 5 per cent solution required 
to act for about a day ; for most organisms a similar solution 
acting for shorter periods has been found sufficient, and in the 
case of the pyogenic cocci a 1 per cent solution will kill in ten 
minutes. There is little doubt that such weaker solutions are of 
value in disinfecting the throat on account of their non-irritating 
properties, and good results in this connection have been obtained 
in cases of diphtheria. A solution of 1 in 10,000 has been 
found to kill plague bacilli in five minutes. 

Carbolic Acid . — Of all the aromatic series this is the most 
extensively employed antiseptic. All ordinary bacteria in the 
vegetative condition, and of these the staphylococcus pyogenes 
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is the most resistant, are killed in less than five minutes by a 
2-3 per cent solution in water, so that the 5 per cent solution 
usually employed in surgery leaves a margin of safety. But for 
the killing of such organisms as anthrax spores a very much 
longer exposure is necessary ; thus Koch found it necessary to 
expose these spores for four days to ensure disinfection. The 
risk of such spores being present in ordinary surgical procedure 
may be overlooked, but there might be risk of ^tetanus spores 
not being killed, as these will withstand fifteen hours’ exposure 
to a 5 per cent solution. 

In the j)roduct8 of the distillation of coal there occur, besides 
carbolic acid, many bodies of a similar chemical constitution, and 
many mixtures of these are in the market — the chief being creolin, 
izal, and lysol, all of which are agents of value. Of these lysol 
is perhaps the most noticeable, as from its nature it acts as a soap 
and thus can remove fat and dirt from the hands. A one-third 
per cent solution is said to destroy the typhoid and cholera 
organisms in twenty minutes. A 1 per cent solution is sufficient 
for ordinary surgical [)rocedurcs. 

Iodoform . — This is an agent regarding the efficacy of which 
there has been much dispute. There is little doul)t that it owes 
its efficiency to its capacity for being broken uj) by bacterial 
action in such a way as to set free iodine, which acts as a powerful 
disinfectant. The substance is therefore of value in the treatment 
of foul wounds, such as those of the mouth and rectum, where 
reducing bacteria are abundantly present. It acts more slightly 
where there are only pyogenic cocci, and it seems to have a 
specially beneficial effect in tubercular affections. In certain 
cases its action may apparently be aided by the presence of the 
products of tissue degeneration. 

From the results which have been given it will easily be 
recognised that the choice of an antiseptic and the precise 
manner in wdiich it is to be employed depend entirely on the 
environment of the bacteria which are to he killed. In many 
cases it will be quite impossible, without original inquiry, to say 
what course is likely to be attended with most success. 



CHAPTEE V. 

RELATIONS OF BACTERIA TO DISEASE— THE 
PRODUCTION OF TOXINS BY BACTERIA. 

Introductory. — It has already been stated that a strict division 
of micro-organisms into mprophytes and true parasites cannot be 
made. No doubt there are organisms such as the bacillus of 
leprosy which as yet have not been cultivated outside the animal 
body, and others, such as the gonococcus, which are in natural 
conditions always parasites associated with disease. But these 
latter can lead a saprophytic existence in specially prepared 
conditions, and there are many of the disease-producing organisms, 
such as the organisms of typhoid and cholera, which can flourish 
readily outside the body, even in ordinary couditions. The 
conditions of growth are, however, of very great importance in 
the study of the modes of infection in the various diseases, 
though they do not form the basis of a scientific division. 

A similar statement applies to the terms pathogenic and 
saprophytic, and even to the ioxim pathogenic and non-pathogenic. 
By the term pathogenic is meant the power which an organism 
has of producing morbid changes or effects in the animal 
body, either under natural conditions or in conditions artificially 
arranged as in direct experiment. Now we know of no organ- 
isms which will in all circumstances produce disease in all 
animals, and, on the other hand, many bacteria described as 
harmless saprophytes will produce pathological changes if intro- 
duced in sufficient quantity. When, therefore, we speak of a 
pathogenic organism, the term is merely a relative one, and 
indicates that in certain circumstances the organism will produce 
disease, though in the science of human pathology it is often 
used for convenience as implying that the organism produces 
disease in man in natural conditions. 

Modifying Conditions.— In studying the pathogenic effects p 
149 
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any instance, both the naicro-organisms and the animal affected 
must be considered, and not only the species of each, but also 
its exact condition at the time of infection. In other words, 
the resulting disease is the product of the sum total of the 
characters of the infecting agent, on the one hand, and of the 
subject of infection, on the other. We may, therefore, state some 
of the chief circumstances which modify each of these two factors 
involved and, consequently, the diseased condition produced. 

1. The Infecting Agent . — In the case of a particular species 
of bacterium its effect will depend chiefly upon (a) its viruknce, 
and {h) th e num ber introduced into the body. To these may 
be added (c) the path of infection. 

T)xq virulence^ i.e. i\\Q power of multiplying in the body and 
producingHisease, varies greatly in different conditions, and the 
methods by which it can be diminished or increased will be 
afterwards described {vide Chapter XIX.). One important 
point is that when a bacterium has been enabled to invade 
and multiply in the tissues of an animal, its virulence for that 
species is often increased. This is well seen in the case of 
certain bacteria which are normally present on the skin or 
mucous surfaces. Thus it has been repeatedly proved that the 
bacillus coli cultivated from a septic 2 )eritonitis is much more 
virulent than that taken from the bowel of the same animal. 
T he virulence ma v be still more inciga ^ed by ino culatinii„ from 
oi m anim^to ano ther in series— the method oTjmgg^e. Widely 
difibrenteBecIO^eT^tJOttrse,'^ produced on the 'virulence being 
altered. For example, a strejitococcus which produces merely 
a focal inflammation or suppuration, may produce a rapidly fatal 
septicminia when its virulence is raised. Virulence also has aj 
relation to the animal employed, as occasionally on being inJ 
creased for one s})ecies of animal it is diminished for another] 
For example, streptococci, on being inoculated in series through 
a number of mice, acquire increased virulence for these animals, 
but become less virulent for rabbits. (Knorr.) The theoretical 
consideration of virulence must be reserved for a later 
chapter {see Immunity). 

Th ft nuTnher of t h e or ga nisms in troducgd) i^e. the dose of the 
infecting agent, is another point of importance. The healthy 
tissues can usually resist a certain number of pathogenic organisms 
of'given virulence, and it is only in a few instances that one or 
two organisms introduced will produce a fatal disease, e.g. the 
case of anthrax in white mice. The healthy peritoneum of a 
rabbit can resist and destroy a considerable number of pyogenic 
micrococci without any serious result, but if a larger dose be 



CONDITIONS MODIFYING PATHOGENICITY 151 

introduced, a fatal peritonitis may follow. Again, a certain 
quantity of a particular organism injected subcutaneously may 
produce only a local inflammatory change, but in the- case of a 
larger dose the organisms may gain entrance to the blood stream 
and produce septicaemia. There is, therefore, for a particular 
animal, a minimum lethal dose which can be determined by 
experiment only ; a dose, moreover, which is modified by various 
circumstances difficult to control. 

The may alter the result, serious effects often 

following a direct entrance into the blood stream. Staphylococci 
injected subcutaneously in a rabbit may produce only a local 
abscess, whilst on intravenous injection multiple abscesses in 
certain organs may result and death may follow. Local_,iBflam- 
matory_j:eaci^an with subsequent destruction of tEe orgammis 
mayloe restricted to the site of infection or may occur also in 
the lym^ibat ic gla nds in relation. The latter therefore act as a 
^ ^ecoTglD arrier ofldefence. or as a filtering mechanism which aids 
mprofecting against blood infection. This is well illustrated in 
the case of “ poisoned wounds.” In some other cases, however, 
the organisms are very rapidly destroyed in the blood stream, 
and Klemperer has found that in the dog, subcutaneous injection 
of the pneumococcus produces death more readily than intra- 
venous injection. 

2. The Subject of Infection . — Amongst healthy individuals 
s uscentibili^ and, in inverse ratio, resistance to a particular 
microbe /iHay vary according to species,, (Z») race andin^ 
peculiarities, (c) age. Different species of the lower animals 
show the widest variation in this respect, some being extremely 
susceptible, others highly resistant. Then there are diseases, 
such as leprosy, gonorrhoea, etc., which appear to be peculiar to 
the human subject and have not yet been transmitted to animals. 
And further, there are others, such as cholera and typhoid, which 
do not naturally affect animals, and the typical lesions of which 
cannot be experimentally reproduced in them, or appear only 
imperfectly, although pathogenic effects follow inoculation with 
the organisms. In the case of the human subject, differences in 
susceptibility to a certain disease are found amongst different 
races and also amongst individuals of the same race, as is well 
seen in the case of tubercle and other diseases. Age also plays 
an important part, young subjects being more liable to certain 
diseases, e.g. to diphtheria. Further, at different periods ofj ife 
certain parts of the body are more susceptible, for example, in 
early life, the bones and joints to tubercular and acute suppura- 
tive affections. 
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In increasing the susceptibility of a given individual, condi- 
tions of local or general diminuhed vitg MMl 
important" jiart It has beeir~<Speriinentally proved that 
conditions such as ex [)osure to cold, fatigue^ staT vatiam etc., 
all diminish the natural resistance to bacterial infection. Hats 
naturally immune can be rendered susceptible to glanders by 
being fed with p h i orldzinj which i)roduces a sort of diabetes, a 
large amount oF^sugar being excreted in the urine (Leo). 
Guinea-pigs may resist subcutaneous injection of a certain dose 
of the typhoid bacillus, but if at the same time a sterilised 
culture of the bacillus coli be injected into the peritoneum, they 
quickly die of a general infection. Also a local susceptibility . 
may be |)roduced by injuring or diminishing the vitality of a 
part. If, for example, jnevious to an intravenous injection of 
staphylococci, the aortic cusps of a rabbit be injured, the 
organisms may settle there and set up an ulcerative endocarditis ; 
or if a bone be injured, they may produce suppuration at the 
part, whereas in ordinary circumstances these lesions would not 
take place. The action of one species of bacterium is also often 
aided by the simultaneous presence of other species. In this 
case the latter may act simply as additional irritants which 
lessen the vitality of the tissues, but in some cases their presence 
also appears to favour the development of a higher degree of 
virulence of the former. 

These facts, established by experiment (and many others 
might be given), illustrate the important part which local or 
general conditions of diminished vitality may play in the pro- 
duction of disease in the human subject. This has long been 
known by clinical observation. In normal conditions the blood 
and tissues of the body, with the exception of the skin and 
certain of the mucous surfaces, are bacterium-free, and if a few 
organisms gain entrance, they are destroyed. But if the vitality 
becomes lowered their entrance becomes easier and the possibility 
of their multiplying and producing disease greatly increased. In 
this way the favouring part played by fatigue, cold, etc., in the 
production of diseases of which the direct cause is a bacterium, 
may be understood. It is important to keep in view in this con-i 
nection that many of the inflammation-producing and pyogeniq 
organisms are normally present on the skin and various mucous 
surfaces. The action of a certain organism may devitalise the 
tissues to such an extent as to pave the way for the entrance of 
other bacteria ; we may mention the liability of the occurrence 
of pnein ponia, ery sipelas , and various suppurative conditions in 
the course of or idldSug infective fevers. In some cases the 
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specific organism may produce lesions through which the other 
organisms gain entrance, e,g. in typhoid, diphtheria, etc. A 
notable example of diminished resistance to bacterial infection is 
seen in t he case of diabetes ; tuberculosis and_ infectio n with 
pyogenic organisms ar e pron e tu occurih ' this 5 i se asejiiid are^ 
h severe cha racter . It is not uncommon to find in the bodies of 
those who have died from chronic wasting disease, collections of 
micrococci or bacilli in the capillaries of various organs, which 
have entered in the later hours of life; that is to say, the 
bacterium-free condition of the blood has been lost in the period 
of prostration preceding death. 

The methods by which the natural resistance may be specific- 
ally increased belong to the subject of immunity, and are 
decribed in the chapter on that subject. 

Modes of Bacterial Action. — In the production of disease 
by micro-organisms there are two main factors involved, namely, 
(a) t he multiplica tion-joLthe^h^ ate .they, .have 

enteml tjie body, and (h) tl^production 
whicTimaL act b o th upon the tissues axi:)iinii amlupon the bo dy 
generally . _The former 'corres])onds the latter is of 

the~naturd^f poi^ In difierent diseases one 

of these is usually the more prominent feature, but both are 
always more or less concerned. 

1. Infection and Dutrihntion of the Bacteria in the Body , — 
After pathogenic bacteria have invaded the tissues, or in other 
words after infection by bacteria has taken place, their further 
behaviour varies greatly in different cases. In certain cases 
they may reach and multiply in the blood stream, j)roducing a 
fatal septicmmia. In the lower animals this multij)lication of thfi 
organisms in the blood throughout the body may be very exten 
sive (for example, the septicmmia produced by the pneumococcus 
in rabbits) ; but in septic emia in m an, it very seldom, if ever, 
occurs to so great a degree, the organisms rarely remain in large 
numbers in the circulating blood, and their detection in it during 
life by microscopic examination is rare, and even culture methods 
may give negative results unless a large amount of blood is 
used. In such cases, however, the organisms may be found 
post mortem lying in large numbers within the capillaries of 
various organs, e,g, in cases of septicaemia produced by strepto- 
cocci. In the human subject more frequently one of two things 
happens. In the first place, the organisms may remain local, 
producing little reaction around them, as in tetanus, or a well- 
marked lesion, as in diphtheria, pneumonia, etc. Or in the 
second place, they may pass by the lymph or blood stream to 
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other parts or organs in which they settle, multiply, and produce 
lesions, as in tubercle. 

2. Production of Chemical Poisons. — In all these case s the 
growth of the organisms is accompanied by 
c hemic al producU, which act generally or locally in varying degree 
as toHc substances. The toxic substances become diffused 
t hr o u ghout the system, and their effects are manifested chiefly 

symptoms such as the occurrence of fever, disturbances oj 
the circ ula tory , r espirat ory, and^ervpus systems, etc. In some 
CiSes correspondlmg^^fi^^ the tissues are found, for example, 
the changes in the nervous system in diphtheria, to be after- 
wards described. The general toxic effects may be so slight as 
to be of no importance, as in the case of a local suppuration, 
or they may be very intense as in tetanus, or again, less severe 
but producing cachexia by their long continuance, as in tuber- 
culosis. 

The occurrence of local tisme c hanges or jgjicm-pmduced ifl 
the neii^hbour hood of the . bact^^ as already mentioned, 
oLthfi. iiLOat of bacterial action, but thesp also 

nms t be tra ced to chemical substances formed in or around the 
bacteria, anl either dfrectly or through the inedium, of. f erments. 
In this case it is more difficult to demonstrate the mode of 
action, for, in the tissues the chemical products are formed by 
the bacteria slowly, continuously, and in a certain degree of 
concentration, and these conditions cannot be exactly reproduced 
by experiment. It is also to be noted that more than one poison 
may be produced by a given bacterium, e.g. the tetanus 
bacillus (p. 380). Further, it is very doubtful whether all the 
chemical substances formed by a certain bacillus growing in the 
tissues are also formed by it in cultures outside the body. The 
separated toxin of diphtheria, like various vegetable and animal 
toxins {vide infra\ however, possesses a local toxic action of 
very intense character, evidenced often by extensive necrotic 
change. 

The injection of large quantities of many different pathogenic 
organisms in the dead conditions results in the production of a 
local inflammatory change which may be followed by suppura- 
tion, this effect being possibly brought about by certain sub- 
stances in the bacterial protoplasm common to various species, 
or at least possessing a common physiological action (Buchner 
and others). When dead tubercle bacilli, however, are intro- 
duced into the blood stream, nodules do result in certain parts 
which have a resemblance to ordinary tubercles. In this case 
the bodies of the bacilli evidently contain a highly resistant and 
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slowly acting substance which gradually diffuses around and 
produces effects {vide Tuberculosis). 

Summary , — We may say then that the action of bacteria as 
disease-producers, as in fact their power to exist and multiply in 
the living body, depends upon the chemical products formed 
directly or indirectly by them. This action is shown by tissue 
changes produced in the vicinity of the bacteria or throughout 
the system, and by toxic symptoms of great variety of degree and 
character. 

We shall first consider the effects of bacteria on the body 
generally, and afterwards the nature of the chemical products. 

Effects of Bacterial Action. 

These may be for convenience arranged in a tabular form as 
follows ; — 

A, Tissue CJuinges, 

(1) Local changes, i.e. changes produced in the neigh- 

bourhood of the bacteria. 

Position {a) At primary lesion. 

{h) At secondary foci. 

Character {a) Tissue reactions ) Acute or 

{h) Degeneration and necrosis J Chronic. 

(2) Produced at a distance from the bacteria, directly or 

indirectly, by the absorption of toxins. 

{a) In special tissues — 

(a) as the result of damage, e.g. nerve cells and 
fibres, secreting cells, vessel walls, or 
(^) changes of a reactive nature in the blood- 
forming organs. 

(6) General anatomical changes, the effects of mal- 
nutrition or of increased waste. 

B. Changes in Metabolism. 

The occurrence of fever, of errors of assimilation and 
elimination, etc. 

A. Tissue Changes produced by Bacteria.— The effects of 
bacterial action are so various as to include almost all known 
pathological changes. However varied in character, they may 
be classified under two main headings : — {a) those of a degenera- 
tive or necrotic nature, the direct result pf damage, and (6) those 
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of reactive nature, defensive or reparative. The former are the 
expression of the necessary vulnerability of the tissues, the latter 
of protective powers evolved for the benefit of the organism. In 
the means of defence both leucocytes and the fixed cells of the 
tissues are concerned. Both show phagocytic properties, i,e. 
have the power of taking up bacteria into their protoplasm. The 
cells are guided towards the focus of infection by chemiotaxis, 
and thus we find that difierent bacteria attract different cells. 
The most rapid and abundant supply of phagocytes is seen in 
the case of suppurative conditions where the neutrophile leuco- 
cytes of the blood are chiefly concerned. When the local lesion 
is of some extent there is usually an increase of these cells in 
the blood — a neutrophile leucocytosis. And further, recent 
observations have shown that associated with this there is in the 
bone-marrow an increased number of the mother-cells of these 
leucocytes — the neutrophile myelocytes. The passage of the 
neutrophile leucocytes from the marrow into the blood, with the 
resulting leucocytosis, is also ap[)arently due to the absorbed 
bacterial toxins acting chemiotactically on the marrow. These 
facts abundantly show that the means of defence is not a mere 
local mechanism, but that increased proliferati^'e activity in 
distant tissues is called into play. In addition to direct phagocyt- 
osis by these leucocytes, there is now abundant evidence that 
an important function is the production in the body of bactericidal 
and other antagonistic substances. In other cases the cells 
chiefly involved are the mononuclear hyaline leucocytes, and, 
with them the endothelial cells, e.g. of serous membranes, often 
play an important part in the defence; this is well seen in 
typhoid fever, where the Specific bacillus appears to have little 
or no action on the neutrophile leucocytes. In other cases, 
again, the reaction is chiefly on the part of the connective 
cells, though their proliferation is always associated with some 
variety of leucocytic infiltration and usually also with the forma- 
tion of new blood vessels. Such a connective tissue reaction 
occurs especially in slow infections or in the later stages of an 

acute infection. The tiss ue changes result i ng from cellular 

actij ^Y in the pre sence of bacterjaj invasion aro naturally v ery 
varied — examples of this will be found in subsequent chapters — 
but they may be said to be manifestations of the two iunda- 
mgnJtal processes of (a) increased f unct ional activi ty — movement, 
phagocytosis, secretion, etcT— and {h) incre ased formative a,ctivi>Y 
— cell growth and division. The exudation from the blood 
vessels has been variously interpreted. There is no doubt that 
the exudate has bactericidal properties and also acts as a diluting 
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agent, but it must still be held as uncertain whether the process 
of exudation ought to be regarded as primarily defensive or as 
the direct result of damage to the endothelium of the vessels. 
It may also be pointed out that the various changes referred to 
are none of them peculiar to bacterial invasion ; they are examples 
of the general jaws of tissue change under abnormal conditions, 
and they can all be reproduced by chemical substances in solution 
OF in a particulate state. What constitutes their special feature 
is their progressive or spreading nature, due to the bacterial 
multiplication. 

(1) Local J^sioxis . — In some diseases the lesion has a ^ecia] 
site ; for example, the lesion of typhoid fever and, to a less 
extent, that of diphtheria. In other^ cases it dej)ends entirely 
upon the point of entrance, e.g. malignant ])ustule and the 
conditions known as wound infections. In others again, there is 
a special tendency for certain parts to be affected, as the upper 
parts of the lungs in tubercle. In some cases the site lias a 
mechanical explanation. 

When organisms gain an entrance to the blood from a primary 
lesion, the organs specially liable to be affected vary greatly in 
different diseases. Pyogeni c cocci show a sj^cial tendency t(^ 

seUlc .i^ the .capillaries of the kidii^s and produce miliary. 

abscesses, whilst these lesions rarely occur in the spleen. On . 
the other hand, the nodules in disseminated tubercle or glanders 
are much more numerous in the spleen^dham in the kidn^eys, 
which in the latter disease are usually free from them. The 
important point is that the position of the disseminated lesions 
is not to be explained by a mechanical process, such as embolism, 
but depend s upon a special relation between the organisms and 
the tissues, which may be spoken of either as a selective power 
on th e p art of t^ oi^nisins or a special susceptibility, of tissues, 

possibly in part clue^b^their affording to the organisms m.Qm^ 

suitaye^ -e oiiditi ons j^LTnu triment. Even m the case of the 
lesions produced by dead tubercle bacilli, a certain selective 
character is observed. 

Acute Local Lesions. -—The local inflammatory reaction 
presents different characters in different conditions. It may be 
accompanied by abundant fibrinous exudation, or by great 
catarrh (in the case of an epithelial surface), or by haemorrhage, 
or by oedema ; it may be localised or spreading in character ; it 
may be followed by suppuration, and may be accompanied or 
lead up to necrosis of the tissues of the part, a good example of 
the latter event being found in a boil. Examples will be given 
in tubsequent chapters. The necrotic or degenerative changes 
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affecting especially the more highly developed elements of tissues 
are chiefly produced by the direct action of the bacterial poisons, 
though aided by the disturbances of nutrition involved in the 
vascular phenomena. It may here be pointed out that a well- 
marked inflammatory reaction is often found in animals which 
occupy a medium position in the scale of susceptibility, and that 
an organism which causes a general infection in a certain animal 
may produce only a local inflammation when its virulence is 
lessened. 

Chron ic Lo c a l Lesions — In a considerable number of diseases 
produceffLy bacteria the local tissue reaction is a more chronic 
process than those described. In other words, the specifip 
irritaiit is less intense, so that there is less vascular disfurbance 
anTli greater preponderance of the proliferative processes, 
leadi ng TO' new for mation _jQf- con nective ,-.tIssue pr a modifled 
connective tissue. This formation may occur in focLhere and 
there, so that noHules of greater or less consistence result, or it 
may be more diffuse. Such changes especially occur in the 
diseases often ^own as the infective granulomata^ of which 
tubercle, leprosy, glanders, actinomycosis, syphilis, etc., are 
examples. A hard and fast line, however, cannot be drawn 
between such conditions and those described above as acute. 
In glanders, for example, especially in the human subject, the 
lesion often approaches very nearly to an acute suppurative 
change, and sometimes actually is of this nature. Whilst in 
these diseases the fundamental change is the same — viz. a re- 
action to an irritant of minor intensity— the exact structural 
characters and arrangement vary in different diseases. In some 
cases the disease may be identified by the histological changes 
alone, but on the other hand, this is often impossible. These 
changes often include the occurrence of degenerations or of 
actual necrosis in the newly formed tissue. In the granulomata, 
infection of other parts from the primary lesion takes place 
chiefly by the blood vessels and lymphatics, though sometimes 
along natural tubes such as the bronchi, intestine, etc. 

(2) General Lesions produced by Toxins. — In the various in- 
fective conditions produced by bacteria, changes commonly 
occur in certain organs unassociated with the presence of the 
bacteria; these are produced Iw thft anti on. ^ p^- 

d pcts circulatin g in the blood, idany such lesions can be pro- 
ducecTSperimentally^ The secreting cells of various organs, 
especially thej ^dn^ and li^. are specially liable to change 
of this kind. ^lojjSji^a^eitegr^which may be followed by fatty 
change or by actual neprosJs Vith g^ular^disinlegratioii; is 
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common, H ^line change in the walls of arterioles may occur, 
and in certain cEroiiic’^ditions waxy change is brought about 
in a similar manner. The latter has been produced in animals 
by the repeated injection of the staphylococcus aureus. 
Capillary haemorrhages are not uncommon, and are in many 
cases due to an increased permeability of the vessel walls, aided 
by changes in the blood plasma, as evidenced sometimes by 
diminished coagulability. Similar haemorrhages may follow the 
injection of some bacterial toxins, e.g. of diphtheria, and also of 
vegetable poisons, e.g, ricin and abrin. Skin eruptions occurring 
in the exanthemata are probably produced in the same way, 
though in many of these diseases the causal organism has not 
yet been isolated. We have, however, the important fact that 
corresponding skin eruptions may be produced by poisoning with 
certain drugs. In the nervous system degenerative changes 
have been found in diphtheria, both in the spinal cord and in 
the peripheral nerves, and have been reproduced experimentally 
by the products of the diphtheria bacilli. There is also experi- 
mental evidence that the bacillus coli anrl 

coccus pyogenes may, by mi'anr^ products, produce areas 
of softening in the spinal cord, and this may furnish an explana- 
tion of some of the lesions found clinically. It is also possible 
that some serous inflammations may be produced in the same 
way. 

B. Disturbances of Metabolism, etc. — It will easily be 
realised that such profound tissue changes as have been detailed, 
cannot occur without great interference with the normal bodily 
metabolism. General malnutrition and cache:da are of common 
occurrence, and it is a strUangHFal^t founcTby experiment that 
after injection of bacterial products, e.g. of the diphtheria bacillus, 
a marked loss of body weight often occurs which may be pro- 
gressive, leading to the death of the animal. In bacterial 
disease assimilation is often imperfect, for the digestive glands 
are affected, it may be, by actual poisoning by bacterial products, 
it may be by the occurrence of fever. The fatty degenerations 
which are so common are indicative of a breaking down of the 
proteid molecules, and are associated with increased urea produc- 
tion, while the d egenerat ion of the kidnav epith elium renders 
the excretion of waste products Heflcient or impossibleTand^this 
is n ot infrequently the immediate cause of death. But of all 
the changes in met^olisnOKe'lllOHr'dtfficult to understand is 
the occurrence of that in terference w ith the heat-r^ulating 
mechanism jyhi ch results in fever. The degree and course of the 
latter vary^"sometimes cdhTdrm^ to~a more or lees definite type. 
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s electi ve in their field of operation, as in 
ctou pou s pneumonia or typhoid, sometimes being of a 
re^nStlMad, especially when the bacteria from time to ti^^^^^^^^ 
invade fresh areas 'of the body^ as in pya^mic affections. The 
main point of interest regarding the development of fever is as 
to whether it is a direct effect of the circulation of bacterial 
toxins, or if it is to be looked on as part of the reaction of the 
body against the irritant. This question has still to be settled, 
and all that we can do is to adduce certain facts bearing on it. 
Thus in diphtheria and tetanus, where toxic action leading to 
degeneration plays such an important part, fever may be a very 
subsidiary feature, except in the terminal stage of the latter 
disease ; and in fact in diphtheria profoundly toxic effects may 
be produced with little or no interference with heat regulation. 
On the other hand, in bacterial disease, where defensive and re- 
parative procesjses predominate, fever is rarely absent, and it is 
nearly always present when an active leucocytosis is going on. 
In this connection it may be remarked that several observers 
have found that, when a relatively small amount of the dead 
bodies of certain bacteria are injected into an animal, fever 
occurs ; while the injection of a large amount of the same is 
followed by subnormal temperatures and raj:)idly fatal collapse. 
It might appear as if this indicated that the occurrence of fever 
had a beneficial effect, but this is one of the points at issue. 
Certainly such an efiect is not due to the bacteria being unable 
to multiply at the higher degrees of temperature occurring in 
fever, for this has been shown not to be the case. Whether the 
increase of bodily temperature indicates the occurrence of 
changes resulting in the production of bactericidal bodies, etc,, 
is very doubtful ; a production of antagonistic substances may 
be effected without the occurrence of fever or of any appar- 
ent disturbance of health. If we consider the site of the heat 
production in fever we again are in difficulties. It might appear 
as if the tissue destruction, indicated by the occurrence of fatty 
degeneration, would lead to heat development, but frequently 
excessive heat production with increased proteid metabolism 
occurs without any discoverable changes in the tissues; and 
further, in phosphorus poisoning there is little fever with great 
tissue destruction. The increased work performed by the heart 
in most bacterial infections no doubt contributes to the rise of 
bodily temperature. But we must bear in mind that in fever 
there is more than mere increase of heat production — there ia 
also a diminished loss of heat from interference with the nervous 
mechanism of the sweat apparatus. The known facts would 
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indicate that in fever there is a factor involving the nervous 
system to be taken into account. The whole subject is thus 
very obscure. 

Symptoms. — Many of the symptoms occurring in bacterial 
affections are produced by the histological changes mentioned, 
as can be readily understood ; whilst in the case of others, corre- 
sponding changes have not yet been discovered. Of the latter 
those associated with fever, with its disturbances of metabolism 
and manifold affections of the various systems, are the most 
important. The nervous system is especially liable to be 
affected — convulsions, spasms, coma, paralysis, etc., being 
common. The symptoms due to disturbance or abolition of the 
functions of secretory glands also constitute an im])ortant group, 
forming, as they do, a striking analogy to what is found in the 
action of various drugs. 

These tissue changes and symptoms are given only as illus- 
trative examples, and the list might easily be greatly amplified. 
The important fact, however, is that nearly all^ if not quite all, 
the changes found throughmit the organs {without the actual 
presence of harieria), and also the symptoms occurring in infective \ 
diseases, can either he experimenially reproduced by the injection^ \ 
of bacterial poisons or have an analogy in the action of dr ugs. 

The Toxins pkoduced by Bacteria. 

Early Work on Toxins. — We know that bacteria are capable 
of giving rise to poisonous bodies within the animal body and 
also in artificial media. We know, however, comparatively little 
of the actual nature of such bodies, and therefore we ai)ply to 
them as a class the general term toxins. The necessity for 
accounting for the general pathogenic effects of certain bacteria, 
which in the corresponding diseases were not distributed 
throughout the body, directed attention to the probable exist- 
ence of such toxins ; and the first to systematically study the 
production of such poisonous bodies was Brieger. This observer 
isolated from putrefying substances, and also from bacterial 
cultures, nitrogen-containing bodies, which he called ptomaines. 
Similar bodies occurring in the ordinary metabolic processes of 
the body had previously been described and called leucomaines. 
Ptomaines isolated from pathogenic bacteria in no case repro- 
duced the symptoms of the disease, except perhaps in tetanus 
and this only owing to their impurity. The methods by 
which they were isolated were faulty, and they have therefore 
only a historic interest. 
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The introduction of the principle of rendering fluid cultures 
bacteria-free by filtration through unglazed porcelain, and its 
application by Roux and Yersin to obtain, in the case of the 
b. diphtheria), a solution containing a toxin which reproduced 
the symptoms of this disease {vide Chap. XV.), encouraged the 
further inquiry as to the nature of this toxin. An attempt on 
the part of Brieger and Fraenkel to obtain a purified diphtheria 
toxin by precipitating bouillon cultures by alcohol (the product 
being denominated a toxalbumin) did not greatly advance know- 
ledge on the subject, and further investigation soon showed that 
characteristic toxins can be isolated from but few bacteria. 

General Facts regarding Bacterial Toxins. — The following 
may be regarded as the chief facts regarding bacterial toxins 
which have been revealed by the study, partly of the bodily 
tissues of animals infected by the bacteria concerned, partly of 
artificial cultures of these bacteria. The dead bodies of certain 
bacteria have been found to be very toxic. When, for instance, 
tubercle bacilli arc killed by heat and injected into the body 
tissues of a susceptilfie animal tul)ercular nodules are found 
to develop round the sites where they have lodged. From 
this it is inferred that they must have contained characteristic 
toxins, seeing that characteristic lesions result. The bodies 
of the cholera vibrio are likewise toxic. Biicli intracdlular 
toxins, as they have been called, may ai)pear in the fluids 
in which the bacteria are living (1) by excretion in an un- 
altered or altered condition, (2) by the disintegration of the 
bodies of the organisms which we know are always dying 
in any bacterial growth. The death of bacteria occurs also 
in the body of an infected animal, and the disintegration of 
these dead bacteria constitutes an important means by which 
the poisons they contain are absorbed. There is some evidence 
that often bacteria produce during growtii |K)isons which 
are hurtful to their own vitality, and also that ferments 
are produced by them which have a vsolvent eflect on the 
poisoned members of the colony. Such a })rocess of autolysis^ 
as it has been called, may have an important effect in 
liberating intracellular toxins. We do not, however, under- 
stand all that takes place under such circumstances ; for the 
dead bodies of many bacteria, such as those of anthrax and 
diphtheria, are relatively non-toxic. As it is impossil)le, at 
present, to obtain intracellular toxins apart from other deriva- 
tives of the bacterial protoplasm, all our knowledge concerning 
their effects is derived from the study of what happens when the 
bodies of bacteria killed by chloroform vapour or by heat are 
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injected into animals. When effects are produced by such 
injections they do not present in any particular case specific 
characters. They are of the nature of general disturbances of 
metabolism, as manifested by fever, loss of weight, etc., often of 
such serious degree as to result in death. It is important to 
note that when pathogenic effects are produced these usually 
appear very soon, it may be in a few hours after injection of the 
toxic material; there is not the definite period of incubation 
which with other toxins often elapses before symptoms appear. 

Sometimes the media in which bacteria are growing become 
extremely toxic. This is more marked in some cases than in 
others. The two best examples of bacteria thus producing 
soluble toxins are the diphtheria and tetanus bacilli. In these 
and similar cases when bouillon cultures are filtered bacterium- 
free by means of a porcelain filter, toxic fluids are obtained, 
which on injection iiito animals reproduce the highly character- 
istic symptoms of the corresponding diseases. In the case of 
the b. anthracis and of many others, at any rate wdien grow- 
ing in artificial media, such toxin production is much less 
marked, a filtered bouillon culture being relatively non-toxic. 
Poisons appearing in culture media have been called extra- 
cellular toxins, but w^e cannot as yet say whether they are 
excreted by the bacteria or whether they are produced by 
the bacteria acting on the constituents of the media. We 
therefore cannot as yet draw a hard and fast line between 
intra- and extracellular toxins, but the terms are convenient, 
and may api)ly to two actually different sets of bodies. That 
the poisonous capacities of a bacterium may be very compli- 
cated is shown by what is known in the case of the cholera 
vibrio, where the poisons which dissolve out into the culture 
fluid are probably different in their nature from those wliich act 
when the dead bacteria are injected into an animal. The extra- 
cellular toxins are the more easily obtainable in large quantities, 
and it is their nature and effects which are best known. No 
method, however, has been discovered of obtaining them in a 
pure form, and our kuowdedge of their properties is exclusively 
derived from the study of the toxic filtrates of bouillon cultures 
— these filtrates being usually referred to simply as the toxins. 
These toxins differ in their effects from the intracellular poisons 
in that specific actions on certain tissues are often manifested. 
Thus the toxins of the diphtheria, the tetanus, and the botu- 
lismus bacilli all act on the nervous system ; mth some of the 
pyogenic bacteria, on the other hand, poisons, probably of 
similar nature, produce solution of red blood corpuscles (this 
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last may explain, in part at least, the anaemias so common in 
the associated diseases). In the action of many of these toxins 
the occurrence of a period of incubation between the introduction 
of the poison into the animal tissues and the a])pearance of 
symptoms is often a feature. 

We have seen that in certain cases there is difficulty in under- 
standing the action of bact('ria which do not form toxins in fluid 
media, especially as in the cn.ses of some of these the l)acterial 
protoplasm does not seem very toxic. Yet we often see effects 
produced at a distance from the focus of infection, e.g. in 
anthrax. To explain such occurrences it has long been put 
forward as a })ossibility that some bacteria are only capable of 
producing toxins within the animal tissues, and it lias further 
been thought iiossible that bacteria, such as, for example, tlie 
typhoid bacillus, which do in media give rise to intracellular 
toxins, might eitlier i>roduce these toxins more readily in the 
tissues or might })rodu(ie in addition other toxins of a different 
nature. Recently such toxins have been much studied, and the 
name aggremn?, lias been given to them. The evidence adduced 
for the existence of these aggressins as a separate grouj) of bacterial 
poisons is of the following kind. An animal is killed by a dose 
of the typhoid, dysentery, cholera, or tubercle bacillus, or by a 
staphylococcus, tlie organism being introduced into one of the 
serous cavities. After death the serous exudation, which in all 
these cases is present, is removed, and centrifugaliscd to remove 
the bacteria so far as this can be done by sucli a jiroccidure ; 
the bacteria which are left are killed by .shaking the fluid \i\) with 
toluol and leaving it to stand for some days. It is stated that 
such a fluid is of itself without pathogenic effect, l>ut lias the 
property of transforming a non-lethal dose of the bacterium used 
into one having fatal effect. Further, the effects of the combined 
actions of the bacteria and aggressins are often of a much more 
acute character than can be obtained with toxic products 
developed m vitro. Thus, in the case of the action of a non- 
lethal dose of tlie tubercle bacillus plus its aggressin, death may 
occur in twenty hours, a result never obtained with, artificial 
cultures of the organism. The results olitained are attributed 
to a paralysing action which the aggressin is supposed to have 
on the phagocytic functions of the leucocytes. The subject is 
full of difficulties, and in the case of certain of the organisms 
employed, it is stated that results similar to those attributed to 
aggressin action have been observed with macerated cultures, — 
the deduction being that in. the aggressins we are merely deal- 
ing with concentrated intracellular toxins. On the other hand, 
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as evidence of the existence of a special group of toxins, it has 
been stated that a special type of immunity against the 
aggressins can be originated. Perhaps the most im|)ortant 
aspect of the controversy is the recognition of the existence of 
toxins having an action on the leucocytes. A poison causing 
death of these cells in connection with the pus-forming action of 
the pyogenic cocci has been described under the name of 
leucocidin. The investigation of such poisons must be of the 
highest im[)ortance in view of the part played by the blood- 
cells in the protection of the body against infection, and 
it is possible that toxins having a fatal effect in strong con- 
centrations, may, when dilute, be responsi])le for the phenomena 
of attraction or repulsion of leucocytes which we know occur 
round a focus of bacterial growth in the body. 

Tt is to be noted that in the case of any particular bacterium 
several different toxins may be at work, and it is also possible 
that one toxin may have different effects on different tissues 
of the body. Intiucellular toxins of an organism may cause 
general metabolic disturbances, and its sj)ecial toxins may act 
on s})ecial tissues. Thus tlie staphylococcus pyogenes aureus 
may cause fever, wasting, et-c., l)y its intracellular poisons, a 
special action on the leuco(‘ytes by a leucocidin toxin, and 
aniemia by its Inemolytic proj>erties. The phenomena of any 
bacterial disease may thus in reality be due to very dillerent and 
complex causes. 

The Nature of Toxins. — There is still comparatively little 
known regarding tliis subject, aiid it chielly relates to the extra- 
cellular toxins. The earlier investigations upon toxins suggested 
that analogies exist between the modes of bacterial action and what 
takes [)lace in ordinary gastric digestion, and the idea was worked 
out for anthrax, dijditheria, tetanus, and ulcerative endocarditis by 
Sidney Martin. This observer took, not solutions artificially made 
up with albumoses,^ but the natural fluids of the body or definite 

^ 111 tlie digestion of albuiiiiiis by the gastric and pancreatic juices the 
albiiinoses are a group of bodies formed preliminarily to tlie production of 
peptone. Like the latter they diller from the albumins in their not being 
coagulated liy beat, and in being slightly dialysable. They differ from the 
peptones in lieirig precipitated by dilute acetic acid in presence of much 
sodium chloride, and also hy neutral saturated sulphate of ammonia. Both 
are precipitated by alcohol. Tlie first albumoses formed in digestion are 
proto-albuuiose and hetero-albumosc, which differ in the insolubility of the 
latter in hot and cold water (insol uhility and coagulability arc quite different 
properties). They have been called the primary allmraoses. By further 
digestion both pass into the secondary albumose, deutero-alburnosc, which 
differs slightly in chemical reactions from the parent bodies, e.g, it caiiiiot be 
precipitated from watery solutions by saturated simUiiiii chloride unless a 
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solutions of albumins, and, further, never subjected the results 
of the bacterial growth to heat above 40” C., or to any stronger 
agent than absolute alcohol. He found that albuinosea and 
sometimes peptones were formed by the action of the patho- 
genic bacteria studied, and further, that the preci])itate contain- 
ing these albumoses was toxic. In certain cases the process of 
splitting uj) of the albumins went further than in peptic diges- 
tion, and organic bases or acids might be formed. According to 
Martin, the characteristic symptoms of the diseases could be 
explained by compound actions, in which the albumoses were 
responsible for some of the elfects, the remaining bodies for 
others. A similar digestive action has l)een traced in the case 
of the tubercle bacillus by Kiihne. 

Further evidence tliat bacterial toxins are either’ alluimoses 
or bodies having a still smaller molecule is furnished by C. d. 
Martin. This worker, by tilling the pores of a Chamberland 
bougie with gelatin, has obtained what is practically a strongly 
supported colloid membrane through wlricli dialysis can be made 
to take place under great pressure, say, of compressed oxygen. 
He finds that in such an api)aratus toxins, — at least two kinds 
tried, — will pass through just as an albumose will. 

Brieger and Boer, working with bouillon cultures of diphtheria 
and tetanus, have, by precii»itation with zinc chloride, separated 
bodies which show characteristic toxic properties, but which have 
the reactions neither of j>eptone, albumose, nor albuminate, and 
the nature of which is unknowm. It has also been found that 
the bacteria of tubercle, tetanus, diphtheria, and cholera can 
produce toxins when growing in proteid-free fluids. In the case 
of diphtheria when the toxin is produced in such a fluid a j)roteid 
reaction a])pears. Of course this need not necessarily be caused 
by the toxin. Further investigation is here retpiired, for 
IJschinsky, applying Brieger and Boer’s method to a toxin so 
produced, states that the toxic body is not precipitated by zinc 
salts, but remains free in the medium. Jf the toxins are really 
non-proteid they may, on the one hand, be the final product of 
a digestive action, or they may be the manifestation of a separate 
vital activity on the part of the bacteria. On the latter theory 
the toxicity of the toxic albumoses of Sidney Martin may be due to 
the precipitation of the true toxins along with these otlier bodies. 
From the chemical standpoint this is quite possible. When we 
take into account the extraordinary potency of these poisons (in 

trace of acetic acid be present. Dysalbnmose is probably merely a temporary 
modification of hetero-albumose. Further digestion of deutero- albumose 
results in the formation of peptone. 
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the case of tetanus the fatal dose of the pure poison for a 
guinea-pig must often be less than ‘000001 gr.), we can under- 
stand how attemi)ts by present chemical methods to isolate them 
in a pure condition are not likely to be successful, and of their 
real nature we know nothing. In a recent research Friedberger 
and Moreschi have shown that the intravenous injection in the 
human subject of a fraction of a lo()pful of a dead typhoid 
culture gives rise to toxic symptoms, including marked febrile 
reaction. Such, injections are followed by the appearance of 
agglutinating and bacteriolytic substances in the serum. These 
results show that intracellular toxins may be comparable with 
extra-cellular toxins so far as concerns the extremely small dose 
sufficient to produce toxic effects. 

Amongst the pro})ertics of the extracellular toxins are 
tlie following. They are ccndainly all uncrystallisablc ; they 
are soluble in water and they are dialysable ; they are pre- 
cipitated along with ])roteids l;)y concentrated alcohol, and also 
by ammonium suljdiate ; if they are i»roteids they are either 
albunioses or allied to tlie all)umoses ; they are often relatively un- 
stable, having their toxicity diminislied or destroyed by heat (the 
degree of heat which is destructive varies mucli in different cases), 
liglit, and by certain chemical agents. I'heir [)oteiicy is often 
alten'od in the precipitations practised to obtain tliein in a pure 
or concentrated condition, but among the precipitants ammonium 
sulphate has little if any harmful effect. Regarding the toxins 
which are more intimately associated with the bacterial ju'oto- 
plasm we know much loss, but it is probal>le that their nature is 
similar, though some of tliem at least are not so easily injured by 
heat, c.//. those of the tubercle bacillus, already mentioned. In 
the case of all toxins the fatal dose for an animal varies with 
the species, body weight, age, and i>revious conditions as to 
food, temperature, etc. In estimating the minimal lethal dose 
of a toxin these fa(dors must be carefully considered. 

The following is the best method of obtaining concentrated extra- 
cellular toxins. The toxic fluid is placed in a shallow dish, and ainnioniiim 
sulpliate crystals are well stirred in till no more dissolve. Fresh crystals 
to form a hulk nearly equal to that of tlie whole fluid are added, and the 
dish set in an incubator at 37" C. over night. Next day a brown scum 
of precipitate will he found floating on the surface. This contains the 
toxin. It is skimmed olf with a spoon, placed in watch glasses, and 
tliese are dried in vamo and stored in the dark, also in vacuo, or in an 
exsiccator containing strong sulphuric acid. For use the contents of one 
are dissolved up in a little normal .saline solution. 

The comparison of the action of bacteria in the tissues in 
the production of these toxins to what takes place in the gastric 
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digestion, has raised the question of the possibility of the elabora- 
tion by these bacteria oi ferments by which the process may be 
started. Thus Sidney Martin jjuts forward the view that 
ferments may be produced, which we may look on as the 
primary toxic agents, and which act by digesting surrounding 
material and producing albumoses, — these poisons being, as it 
were, secondary })oisons. Hitherto all attempts at the isolation 
of bacterial ferments of such a nature have failed. 

But a]>art from the fact that with such bacteria as these of 
tetanus and diphtheria, a digestive action may occur, analogies have 
been drawn between ferment and toxic action. The chief facts 
upon which such analogies have been founded are as follows. 
Thus the toxic products of these and other ba(;teria lose their 
toxicity l)y exposure to a tenqjerature which puts an end to the 
activity of such an undoubted ferment as that of the gastric 
juice. If a Itouillon containing diphtheria toxin be heated at 
65" C. for one hour, it is found to have lost much of its toxic 
effect, and in the case of b. tetani all tlie toxicity is lost by 
exposure at this teiiijierature. In both diseases there is a still 
further fact wliich is addiu’ed in favour of the toxic substances 
being of the natui'e of ferments, namely, tJie existejice of a 
definite period of incubation between tlu; injection of tlie toxic 
bodies and the ajqiearance of symptoms. This may be inter- 
[)reted as sliowing that after the introduction of, say, a filtered 
bouillon culture, further chemical substances are formed in tlie 
body before the actual toxic effecl is produced. Too much 
reliance must not be jdaced on such an argument, for in the 
case of tetanus, at least, the delay may be ex}>lained l)y the fact 
that the |)oison apparently has to travel up the nerve trunks 
before tlic rt!al poisonous action is developed. Further, with 
some poisons jiresently to be mentioned which are closely allied 
to tlie bacterial toxins an incubation period may not exist. 
It would not be ja-iident to dogmatise as to wliether the toxins 
do or do not belong to such an ill-defined group of substances 
as the ferments. It may be pointed out, however, that the 
essential concept of a ferment is that of a body whicli can 
originate change without itself being changed, and no evidence 
has been adduced that toxins fulfil this condition. Another 
jiroperty of ferments is that so long as the products of fermenta- 
tion are removed, the action of a given amount of ferment is 
indefinite. Again, in the case of toxins no evidence of such an 
occurrence has been found. A certain amount of a toxin is 
always associated with a given amount of disease effect, though 
a process of elimination of waste products must be all the time 
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going on in the animaPs body. Again, too much importance 
must not be attached to loss of toxicity by toxins at relatively 
low temperatures. This is not true of all toxins, and further- 
more many proteids show a tendency to change at such 
temperatures; for instance, if egg albu)niii be ke])t long 
enough at 55" 0. nearly the whole of it will be coagulated. 
We must therefore maintain an open mind on this subject. 

Similar Vegetable and Animal Poisons. — Within l ecent years it has 
been found that the bacterial poisons belong to a group of toxic bodies 
all j)reseijting very similar proj)ertie.s, other meinbers of which occur 
widely in the vegetablo and animal kingeloms. Among plants the best- 
known exam])lcs are the ricin and abrin ])oisoiLS obtained by making 
watery emulsions of tlic seeds of the and tlie Ahrus 

prccalorius (je(pdrity) respectively. From the Mobinia pseudacacia 
another ])oisou —robin -belonging to the same group is obtained. The 
(hiemical reactions of ricin ami abrin correspond to those of the bacterial 
toxins. They are soluble in water, they are ]»rccipitalde by alcohol, but 
being less easily dialysable than the albumose.s they have been called 
l-oxalbumins. Their toxicity is seriously impaired by boiling, and they 
also gradually become less toxic on being k(!pt. both a.re among the 
most active poisons known ricin being the more powerl'ul. When they 
are injected siilxuitaneously a period of twenty-four hours usually elapses 
— whatever be the dose — before symptoms set in. both tend to juoduce 
great iiillammation at the seat of inoculation, which in the case of ricin 
may end in an acute necrosis ; in fatal cases humiorrhagic enteritis and 
ne})hritis may be found, both act as irritants to mucous membranes, 
al)rin especially being capable of setting up most acute conjunctivitis. 

It is also certain that the ]»oisons of scoriuons and of poisonous snakes 
belong to the same group. The ])oisous (hu’ivod i’nmi the latter are 
usually called veiiins, and a very representative group of such venins 
derived from dilferent species lias beeji studied. To s])eak generally 
there is derivable from the natural secretions of the poison glands a 
series of venins which have all the reactions of the bodies previously 
considered. Like ricin and abrin, they are not so easily dialysable as 
bacterial toxins, and therefore have also been classed as toxalbumins. 
Their properties arc also similar ; many of them are destroyed by heat, 
but the degree necessary here also varies much, and some will stand 
boiling. There is also evidence that in a crude venin there may be several 
poisons diifereiitly sensitive to heat. All the venins are very powerful 
l)oisons, but here there is practically no period of incubation — the eltects 
are almost immediate. An outstanding feature of the venins is the 
complexity of the crude ])oison secreted by any particular species ol 
snake. 0. J. Martin in summing up the results of many observers has 
pointed out that dilferent venoms have been found to contain one or 
more of the following ])oisons : a neurotoxin acting on the respiratory 
centre, a neurotoxin acting on the nerve-endings in muscle, a toxin 
causing luemolysis, toxins acting on other cells, e.(j. the endothelium of 
blood-vessels (this from its effects has been named hamiorrliagin), 
leucocytes, nerve-cells, a toxin causing thrombosis, a toxin haying an 
opposite elfect and preventing coagulation, a toxin neutralising the 
bactericidal qualities of the body fluids and thus favouring putrefaction, 
a toxin causing agglutination of the red blood corpuscles, a proteolytic 
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ferment, a toxin causing systolic standstill of the excised heart. Any 
particular venom contains a mixture in varying proportions of such 
toxins, and the diHerent etlects produced hy the bites of ditferent snakes 
largely depend on this variability of composition. The neurotoxic, the 
thrombotic, and tln^ hannolytic toxins are very important constituents 
of any venom. The toxicity of different venoms varies mueli, and no 
general statement can be made witli regard to the toxicity of different 
poisons towards man. Lamb lias calculated that the fatal dose of crude 
cobra venom for man is probably about -01. h of a gramme, and that if 
such a snake bites with full glands many tinu;s this dose would 
probably be injected, but, of course, the amount emitted depends largely 
on the jieriod which has elapsed since the animal last emptied its glands. 
When a dose of a venom not sutiicient to cause immediate death from 
general effects be given, very rapid and widespread necrosis often may 
occur in a few liours round the site of inoculation. 

An extremely important hict w^as discovered by Flexner and Noguchi, 
namely, that the hicmolytic toxin of colira venom in certain cases has no 
action by itself, but produces rapid solution of red corpuscles when some 
normal serum is added, the latter containing a labile complement-liko 
body, which activates the venom. In tliis thei-e is a close analogy to 
what holds in the case of a haunolytic serum dejadvod of complement by 
heat at 55" C. (p. 479). Ky(?s and Sachs further showed that in addition 
to serum -complement a substance with definitely known constitution, 
namely lecithin, had the property of activating tin; Inemolytic substance 
in cobra venom, the two a{)])arently uniting to form an actively toxic 
substance. Later still, Kyes succerided in demonstrating the union of 
the two substances to form a cobra-lccithid, and in se,parating the 
latter as a practically pure comjiound, which is, unlike lecithin, 
insoluble in ether, hut soluble in chlorofoirn. So far no cxam]>le of 
activating a bacterial toxin is known, but the results mentioned point to 
the possibility of this occurring in some cases in tlic tissues of the body. 

The Theory of Toxic Action. — While wo know little of the 
chemical nature of any toxins we may, from onr knowledge of 
their properties, grouj) together the tetanus and diphtheria 
poisons, ricin, abrin, snake poisons, and scorpion poisons. 
Besides the points of agreement already noted, all i)ossess the 
further property that, as will be afterwards doscril)ed, when 
introduced into the V)odies of susce])tible animals tliey stimulate 
the ])roduction of substances called antitoxins. The nature of 
the antagonism between toxin and antit<_)xin will be discussed 
later. Here, to explain what follows it may l)e stated (1) that the 
molecule of toxin most probably forms a cliemical combination 
with the molecule of antitoxin, and (2) that it has been shown 
that toxin molecules may lose much of their toxic power and 
still be capable of uniting with exactly the same proportion of 
antitoxin molecules. From these and otlier circumstances Ehrlich 
has advanced the view that the toxin molecule has a very com- 
plicated structure, and contains two atom groups. One of these, 
the haptophorous (aTrretv, to bind to), is that by which com- 
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bination takes place with the antitoxin molecule, and also with 
presumably corresponding molecules naturally existing in the 
tissues. The other atom group lie calls tlie toxophoTous^ and it 
is to this that the toxic ctFccts arc due. Tliis atom group is 
bound to tlie cell elements, e.g. the nerve cells in tetanus, l)y the 
liaptophorous group. Ehrlich explains the loss of toxicity which 
with time occurs in, say, di])htheria toxin, on the theory that the 
toxophorous group undergoes disintegration. And if we suppose 
that the liaptophorous gron[) remains unaffected we can then 
understand how a toxin may have its toxicity diminished and 
still require the same ]n* 0 ]>ortion of antitoxin molecules for its 
neutralisation. To the bodies whoso toxophorous atom groups 
have become degenerated, Ehrlich gives the name f.oxokh. The 
theory may afford an explanation of what has l)een susjiected, 
namely, that in some instances toxins derived from different 
sources may be I'clated to one another. For example, Ehrlich 
has pointed out that ricin produc(vs in a suscc|)tible animal body 
an antitoxin which corres}»onds almost com]»]etely with that 
produced by anotlier v('getablc poison, robin {vide supra), 
though ricin and robin arc certainly different. This may be ex- 
plained according to the view that robin is a toxoid of ricin, i.e. 
their liaptophorous groiq^s corresjiond, whil(> their toxoi)horous 
differ. Tlie evidence on winch Mhrlichs deductions are based 
is of a very weighty charactei’, and will lie again referred to 
in the chajitei* on Immunity. 

Witli regard to tlie intracellular toxins we shall see it is 
difficult to determine whether or not they share with the extra- 
cellular poisons the pro])erty of stimulating antitoxin formation, 
— if they do not, then they may belong to an entirely different 
class of substances. It is certain that a tolerance against such 
poisons is difficult to establish and is not of a lasting character. 
We thus cannot say what the mechanism is by which these 
poisons act. It may be said that Macfadyen by grinding up 
typhoid bacilli frozen by licpiid air claimed that on thawing he 
obtained the intracellular toxins in liquid form, and he further 
stated that by using this fluid he could immunise animals not 
only against the toxins but also against the living bacteria. 

We have already pointed out that those who claim for the 
aggressins a special character hold that the activity of these 
bodies has as its effect the interference with the phagocytic 
functions of the leucocytes. They also hold that a special type 
of immunity can be developed against the aggressive bodies. 



CJl AFTER VI. 

INFLAMMATOKV AND SUPrURATiVE CONDITIONS. 

This subject is an exceedingly wide one, and embraces a great 
many ])athological conditions which in their general characters 
and results are widely different. Thus in addition to sup|mration, 
various inflammations, ulcerative endocarditis, sopticiieinia and 
pymmia, will come ii]i for consideration. With regard to these 
the two following general statements, established by bacteriological 
research, may be made in introducing the subject. In the first 
place, tliere is no one specilic organism for any one of these 
conditions ; various organisms may produce them, and not in- 
frequently more than one organism may be jiresent together. 
In the second place, the same organism may produce widely 
varying results under difierent circumstances, — at one time a 
local inflammation or abscess, at another niulti|)lo suppurations 
or a general septicannia. TChe piinciples on which this diversity 
in results depends have already been explained (p. 151). 
Furthermore, there are conditions like acute pneumonia, epidemic 
meningitis, acute rheumatism, etc., which have practically the 
character of specific diseases and yet which as regards their 
essential pathology 1:>elong to the same class. The arrangement 
followed is to a certain extent one of convenience. 

It may be well to emphasise some of the chief points in the 
pathology of these conditions. In mpyti ration tlici two main 
phenomena are — (n) a progressive immigration of leucocytes, 
chiefly of the poly morpho-nucl ear (neutropliile) variety, and (/>) 
a liquefaction or digestion of the supiiorting elements of the 
tissue along with necrosis of the cells of the yiart. The result 
is that the tissue affected becomes replaced by the cream-like 
fluid called pus. A suppurative inflammation is thus to be 
distinguished on the one* hand from an inflammation without 
destruction of tissue, and on the other from necrosis or death 
• 172 
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en masse, where the tissue is not liquefied, and leucocyte 
accumulation may be slight. When, however, suppuration is 
taking place in a very dense fibrous tissue, liquefaction may be 
incomplete, and a portion of dead tissue or slough may remain 
in the centre, as is the case in boils. In the case of suppuration 
in a serous cavity the two chief factors are the progressive 
leucocytic accumulation and the disappearance of any fibrin 
which may be present. 

Many experiments have been })erformed to determine whether 
suppuration can be ])roduced in the absence of micro-organisms 
by various chemical substances, such as croton oil, nitrate of 
silver, turpentine, etc.— care, of course, being taken to ensure 
the absence of bacteria. The general result obtained by in- 
dependent observers is that as a rule sui)puration does not follow, 
but that in certain animals and with certain substances it may, 
the pus being free from bacteria.. It is still, however, questioned 
by some whetlier the jms thus produced really corres])onds 
histologically and chemically with that due to bacterial action. 
Buchner showed that sup[)Uration may be jyroduced by the 
injection of dead bacteria, e.</. sterilised cultures of bacillus 
pyocyaneus, etc. The subject has now more a scientific than a 
practical interest, and the general statement may be made that 
j)ractically all cases of true suppuration met with clinically are 
due to the action of living micro-organisms. 

The term septkamia is a|)plied to conditions in which the 
organisms multiply within the blood and give rise to symptoms 
of general poisoning, witliout, however, producing abscesses in the 
organs. In all cases of septicaunia the organisms arc more 
numerous in the capillaries of internal organs than in the 
peripheral circulation, and, in the case of the human subject, it 
may be im})ossible to detect any in the blood during life, though 
they may be seen in large numbers in the capillaries of the 
kidneys, liver, etc., post mortem. The essential fact in pyaemia, on 
the other hand, is the occurrence of multiple abscesses in internal 
organs and other parts of the body. In most of the cases of 
typical pymmia, common in pre-antiseptic days, the starting-point 
of the disease was a septic wound with bacterial invasion of a 
vein leading to thrombosis and secondary embolism. Multiple 
foci of suppuration may be produced, however, in other ways, as 
will be described below (p. 180). If the term “pyaiinia” be 
used to embrace all such conditions, their method of production 
should always be distinguished. 
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Bacteria as Causes op Inflammation and Suppuration. 

A considerable number of species of bacteria liave been 
found in acute inflammatory and supj)urative conditions, and of 
these many have been proved to be causally related, whilst of 
some others the exact action has not yet been fully determined. 

Ogston, who was one of tlie first to study this question (in 
1881), found that the organisms most frequently present were 
micrococci, of which some were arranged irregularly in clusters 
(staphylococci), whilst others formed chains (streptococci). He 
found that the former were more common in circumscribed acute 
abscesses, the latter in spreading sup|)urative conditions. Rosen- 
bach shortly afterwards (1 884), by means of cultures, differentiated 
several varieties of micrococci, to which lie gave the following 
special names : staphylococais pyoge^ies aurtm^ siapltylococc/niii 
pyogenes albus^ strepfococcus pyogenes^ miorocomis pyogenes tennis. 
Other organisms are met witli in suppuration, such as staphylo- 
coccus pyogenes citreus, staphylocoecm eereus albus, staphylococons 
cereus jiavus^ pneumococcus, pjiewniohacUlus (Friedliinder), bacillus 
pyogenes fveiidus (Passet), bacillus coli coni'mmiis, bacillus lactis 
CBVogenes, bacillus cerogenes encapsulatus, bacillus pyocyaneus, 
micrococcus tetragenus, pneumococcus, pneamobacillus, diplococcm 
intracellularis meningitidis, and others. 

In secondary inflammations and supiiurations following acute 
diseases the corresponding organisms have been found in some 
cases, such as gonococcus, typhoid bacillus, influenza bacillus, etc. 
Suppuration is also produced by the actinomyces and the 
glanders bacillus, and sometimes chronic tuliercular lesions have 
a suppurative character. 

Staphylococcus Pyogenes Aureus. — Microscopical Characters. 
— This organism is a spherical coccus about *9 p in diameter, 
which grows irregularly in clusters or masses (Fig. 52). It stains 
readily with all the basic aniline dyes, and retains the colour in 
Gram’s method. 

Cultivation . — It grows readily in all the ordinary media at 
the room temperature, though much more rapidly at the 
temperature of the body. In stal) cultures in peptone gelatin 
a streak of growth is visible on the day after inoculation, and 
on the second or thii'd day liquefaction commences at the top. 
As liquefaction proceeds, the growth falls to the bottom as a 
flocculent deposit, which soon assumes a bright yellow colour, 
while a yellowish film may form on the surface, the fluid portion 
still remaining turbid. Ultimately liquefaction extends out to 
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the wall of the tube (Fig. 53), In gelatin plates colonies may 
be seen with the low power of the inicrosco])e in twenty-four 
hours, as little balls somewhat granular on the surface and of 
brownish colour. On the second day tliey are visible to the 



Fig. 52. — St;ipli 3 'lococcii.s pyogenes anretis, 
young culture on agar, sliowing clunips 
of cocci. 

Stained with weak carbol-fuchsin.. x 1000. 

naked eye as whitish yellow jioints, 
which afterwards become more dis- 
tinctly yellow. Liquefaction occairs 
around these, and little cups are 
formed, at tin; liottom of which the 
colonies form little yellowish masses. 



On agar, a stroke culture forms a 
line of abundant yellowish growth, 
with smooth, shining surface, well 
formed after twenty-four hours at 
37° C. Later it becomes bright 
orange in colour, and resembles a 


of staphylococcus pyogenes 
aureus in gelatin, (a) 10 days 
old, {b) 3 weeks old, showing 
liquefaction of the inediuiu 
and characters of growth. 
Natural size. 


streak of oil paint. Single colonies on the surface of agar are 


circular discs of similar appearance, which may reach 2 mm. or more 


in diameter. On potatoes it grows well at ordinary temperature, 
forming a somewhat abundant layer of orange colour. In bouillon 
it produces a uniform turbidity, which afterwards settles to the 
bottom as an abundant layer, which assumes a brownish yellow tint. 
In the various media it renders the reaction acid, and it coagulates 
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milk, in which it readily grows. The cultures have a somewhat 
sour odour. 

It has considerable tenacity of life outside the body, cultures 
in gelatin often being alive after having been kept for several 
months. It also re(juires a rather higher temperature to kill 
it than most spore-free bacteria, viz. 80° C. for half an hour 
(Liibbert). 

The staphylococcus pyogenes albus is similar in character, 
with the exception that its growth on all the media is white. 
The colour of the staphylococcus aureus may l)ecomc less dis- 
tinctly yellow after being kept for some time in culture, but it 
never assumes the white colour of the staphylococcus allms, and 
it has not been found possible to transform the one organism 
into the other. A micrococcus called by Welch staphylococc-m 
epidermidis alhm is practically always present in the skin 
epithelium ; it is distinguished by its relatively non-pathogenic 
properties and by liquefying gelatin somewhat slowly. It is 
[)robably an attenuated variety of the staphylococcus albus. 

The staphylococr/m pifogenea citreus^ wlnhdi is less frequently 
met with, differs in the colour of the cultun^s being a lemon 

yellow, and is less virulent 
than tl]c other two. 

The stapdiplococcMS 
eerrus albus aiid staphy- 
lococcns cerms Jlavus are 
of much less importance. 
They producer wa.x-like 
growddion gelatin without 
liquefaction ; hence their 
name. 

Streptococcus pyo- 
genes. This organism 
is a coccus of slightly 
larger size than the 
sta] >h y 1 ococcus aureus 
about 1 fi in diameter. 



Fio. 54. — Streptococcus pyogenes, young cut 
tiire on agar, showing cliains of cocci. 
Stained with weak car>)ol-fuchsin. x 1000. 


and forms chains which 
may contain a large num- 
ber of meml)ers, especi- 
ally when it is growing 
in fluids (Fig. 54). The chains vary somewhat in length in 
different specimens, and on this ground varieties have been dis- 
tinguished, e.g. the streptococcus hrevis and streptococcus lorgus 
{vide infra). As division may take place in many of the cocci 
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in a cliain at the same time, the appearance of a chain of 
diplococci is often met with. In young cultures the cocci are 
fairly uniform in size, but after a time they present con- 
siderable variations, many swelling up^ to twice their normal 
diameter. These are to be regarded as involution forms. In 
its staining reactions the .strei)tococcus resembles the staphylo- 
cocci described, being readily coloured by Gram’s method. 

— In cultures outside the body the streptococcus 
pyogenes grows much more slowly than the sta[)hylococci, and also 



Fid. r»5. — Cultun* of the 
streptococcua jjyogeiies ou 
fill agar plate, sli owing 

inuiiei'mis colonies three 

successive strokes. Twenty- 
four hours’ growth. Natu- 
ral size. 
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Fi(i. 56. — Bacillus pyocyaiieus ; young 
culture on agar. 

Staiinal with weak carhol-fuehsiu. x 1000. 


dies out more readily, being in every respect a more delicate 
organism. 

In i>epf(>ne gelatin a stab culture .shows, about th(‘ .second day, 
a thin line, whicli in its .siibseijnont growth is seen to be formed of 
a row of minute rounded colonies of whitish colour, which may be 
separate at the lower ]»art of the jmncture. They do not usually 
exerted the size of a small pin’s head, this size beijig reached about 
tlie liftli or .sixth day. The growth does not spread on the surface, 
and no liipiefaction of the medium occurs. The colonies in gelatin 
plates have a corre.sponding appearauce, i)cing minute sphericul 
points of whitish colour. A somewhat warm tein[)erature is 
12 
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necessary for growth ; even at 20° C. some varieties do not 
grow. On the agar media growth takes place along the stroke 
as a collection of small circular discs of semi -translucent 
appearance, which show a great tendency to remain separate 
(Fig. 55). The separate colonies remain small, rarcsly ex(;eeding 
1 mm. in diameter. Cultures on agar kept at tbe l)ody 
temperature may often be found to be dead after ten days. On 
potato^ as a rule, no visible growth takes place. In milk it 
produces a strongly acid reaction but no clotting of the medium. 
It ferments lactose, saccharo.se, and salicin (Andrewes and 
Horder) ; it jwoduces no fermentation of inulin in Hiss’s serum- 
water-medium, in this respect differing from the pneumococcus; 
It has a strong hmmolytic action, as can be demonstrated by 
growing it in blood-agar plates (jx 38). In hyaillon^ growth 
forms iiuraei’ous minute granules which afterwards fall to 
the bottom, the deposit, which is usually not very al)undant, 
having a sandy appearance. The a])pcarance in broth, however, 
presents variations winch have been used as an aid to distinguisli 
different species of strejdococci. It has been found that tliose 
whicli form the longest chains grow most distinctly in the form of 
spherical granules, those forming short chains giving rise to a 
finer deposit. To a variety Avhich forms distinct sjilierules of 
minute size the term streptococcus couglomeratus has been given. 

Varieties of Streptococci . — Formerly the streptococcus jrgogeres 
and the streptococcus eri/sipelatis Avere regarded as Iant) distinct 
.species, and various })oints of difference between them avctc 
given. Further study, and esj>ecially the results ol>tained by 
modifying the virulence (j>. 182), have shown that these di.s- 
tinctions cannot be maintained, and now practically all authorities 
are agreed that the two organisms are one and the same, 
erysipelas being produced Avhen the streptcxjoccus ])yogcnes of a 
certain standard of virulence gains (entrance to the lym|)hatics of 
the skin. Petruschky, moreover, showed conclusively by inocu- 
lation that a streptococcus cultivated from pus cf)nld cause 
erysipelas in the human subject. 

Streptococci have also been classified ac(!ording to the length 
of the chains. Thus there have been distinguished (a) strepto- 
coccus longus^ which occurs in long chains and is pathogenic to 
rabbits and mice ; {h) streptococcus hrevis^ which is common in 
the mouth in normal conditions, and is usually non-pathogenic ; 
and (c) streptococcus conglomeratus^ so called from its forming in 
bouillon minute granules composed of very long chains. It may 
be stated that pathogenic stre})tococci obtained from the human 
subject usually form fairly long chains on agar, whilst the short 
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streptococci obtained from the mouth and intestine are usually 
devoid of virulence. But to these statements exceptions occur, 
as short streptococci may be associated with grave lesions ; it 
has also been found that the length of the chains is not a 
constant feature. As in the case of other organisms attempts 
have also been made to differentiate streptococci by means of 
their fermentative pro})erties. Mervyn Gordon introduced for 
this purpose nine tests, namely ; — ( 1 ) The clotting of milk, 
( 2 ) the reduction of neutral red, ( 3 - 9 ) the fermentation with 
acid production of saccharose, lactose, raffinose, inulin, salicin, 
coniferin, and rnannite. Andrewes and Horder by means of 
these have differentiated six varieties, of which five occur in the 
human subject. These are A short-chained form called 

strej)t(jcoccus 77iitL% Avhich occurs chiefly in the saliva and fa3ces 
as a saprophyte, (b) IMic streptoco(xu,s pi/ogeneSy which is the 
most important pathogenic variety, and has the characters 
described al)Ove. (c) The streptococcus salivarius, which corre- 
sponds to the stre|)tococcus brevis of the mouth, and which, as 
regards fermentative action, seems to bear the same relation to 
the next variety as the streptococcus mitis does to the strepto- 
coccus pyogenes. It has more active fermentative pro})erties 
and clots milk, (d) The streptococcus anginosus^ which corre- 
s])onds witli the so-called stre[)tocnccus scarlatinauind the streiito- 
coccus congloiueiatus. It usually clots milk and does not grow 
on gelatin at 20" C. (c) The streptococcus famJISy a short- 
chained form, which al)ouuds in the intestine and which has 
great fermentative activity. It forms sulphuretted hydrogen, 
and is devoid of Inemolytic action. (/) The sixth variety is the 
stixptococcus eguinus, which is common in the aii- and dust of 
towns, and apj)ears to be derived from liorse diing.^ 

Sehottmiiller has employed the appearance of the colonies of 
streptococci on blood agar as a means of separating varieties, 
the medium used consisting of two ])arts human blood and five 
parts melted agar. He distinguishes the streptococcus longus or 
ergslpelatis, which forms grey colonies and has a Inemolytic 
action ; a streptococcus initior or viridans, a vshort - chained 
organism, which produces small green colonies and very little 
Innmolysis, and a streptococcus mucosus encapsulatus, which, as 
its name indicates, shows well-marked ea])sules and produces 
colonies which have a slimy consistence. It should be noted 
that on blood agar the ]>neuniococcus forms green colonies and 
produces no Inemolysis. 

^ For further details reference must be made to the original papers, Lancet., 
September 1900, ii. 708, etc. , 
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It will be thus seen from this account that the streptococcus 
pyogenes as described above is the organism most frequently 
associated with the pathogenic processes, and that short-chained 
forms are common sapro])hytes in the human body, although 
they may be associated with conditions of disease ; these may 
be subdivided according to their fermentative activity as 
detailed. And lastly, there is the streptococcus conglomeratus 
(anginosus), which is sj^ecially abundant in the throat in scarlet 
fever, though it also occurs in other acute catarrhal states. No 
definite statement can yet be made as to the etiological relation 
of streptococci to scarlet fever ; we can only say that streptococci 
are almost invariably present in the fauces, and that to them 
many of the complications of the disease are due. 

Bacillus coli communis.— The rnicao.scojac and cultural cljarac,t(U\s are 
described in the chapter on ty}>hoid fever. The, hacillus ladis (vrogeneft 
and the baeillm pyogenes fididns closely resemble it ; they arc either 
varieties or closely related s]»ocics. The former is distinguished by 
producing more abundant gas formation, and by its growth on gelatin, 
etc., being thicker and whiter than that of the bacillus coli. 

Bacillus asrogenes encapsulatus sometimes invades the tissues before 
death, and is characterised by the formation of bubbles of gas in the 
infected parts. Its characters are descrilaal in (Chapter XVI. 

Bacillus pyocyaneus. -This organism occurs in tlie form of minute 

rods 1’.5 to g in length and less than *5 in thit:lvness (big. 5(5). 
Occasionally two or three are found attached end to end. They are 
actively motile, and do not form spores. They stain readily wuth tlie 
ordinary basic stains, but are decolorised by Oram’s method. 

Oidiivation.--lt grows readily on all the ordinary media at the room 
temperature, the cultures being distinguislnsd l)y tlie foi'ination of a 
greenish pigment. In ]>uncture cultures in }»eptone-gelatin a greyish 
line a]»pears in twenty-four hours, and at its u]tper part a small cup of 
liquefaction forms within forty-eight hours. At this time a slightly 
greenish tint is seen in the superficial jiart of tlie gelatin. Tlie 
liquefaction extends pretty rapidly, the fluid port ion being turbid and 
showing masses of growth at its lower ])art. The green colour 
becomes more and more marked and diffuses through the gelatin. 
Ultimately liquefaction reaches the wall of the tube. In plate cultures 
the colonies appear as minute whitish [loints, those on the surface being 
the larger. Under a low power of the microscope tln'y have a bi'ownish- 
yellow colour and show a nodulated surface, the superficial colonies being 
thinner and larger. Liquefaction .soon occurs, the colonies on the surf’ace 
forming shallow cups with .small irregular masses of growth at the 
bottom, the deep colonies .small spheres of liquefaction. Around the 
colonies a greenish tint appears. On agar the growth forms an abundant 
slimy greyish layer wliich afterwards becomes greenish, and a bright 
green colour diffuses througli the whole substance of the medium. On 
potatoes the growth is an abundant reddi.sh-brown layer resembling that 
of the glanders bacillus, and the potato .sometimes shows a greenish 
discoloration. 

From the cultures there can be extracted by chloroform a coloured 
^)ody pyocyanin, which belongs to the aromatic series, and crystallises 
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in the form of long, delicate bluish-green needles. On the addition of 
a weak acid its colour changes to a red. 

This organism has distinct pathogenic action in certain animals. 
Subcutaneous injection of small doses in rabbits may produce a local 
sup])uratiori, but if the dose be large, spreading hfemorrhagic oedema 
results, which may be attended by septicjcmia. Intravenous injection 
may j)roduce, according to the dose, rajud septicamiia with nephritis, or 
sometimes a more chronic condition of wasting attended by albuminuria. 

Micrococcus tetragenus. 

— This oiganism, first de- 
scribed by Galfky, is char- 
acterised liy the fact that it 
divides in two j)lanes at right 
angles to one another (Fig. 

57), and is thus generally 
found in the tissues in groujjs 
of four or tetrads, which are 
often seen to lie surrounded 
by a cajtsule. The cocci 
measure 1 /a in diameter. 

They stain readily with all 
tile ordinary stains, and also 
retain tin; stain in Gram’s 
method. 

It grows readily on all 
the itH'dia at the room tem- 
perature. Ill a [luncture cul- 
ture on ]ie})tone - gelatin a 
pridty thick whitish line 
forms along tlie track of the 
needle, whilst on the surface^ 
there is a thick rounded disc, 
of whitish colour. The gela- 
tin is not li(|uelied. On the surface of agar and of jKitato the growth 
is an abundant moist layer of the same colour. The growth on all 
the media has a jioculiar viscid or tenacious character, owing to the 
gelatinous character of the sheaths of the cocci. 

White mica.' are exceedingly suscc[itible to tliis organism. Subcutaneous 
injection is followed by a gein'ral septica'iiiia, the organism being found 
in large numbers in the blood throughout the body. Guinea-jugs are 
less suscejjtible ; sometimes only a local abscess with a good deal of 
necrotic clninge results ; sometimes there is also so})ticauuia. 



Fio. 57. — Micrococcus tetnigcmis ; young 
culture on agar, showing tetrads. 
Stained witli weak carbol-fuchsin. x 1000. 


Experimental Inoculation. — We shall consider chiefly the 
stajdiylococcus pyogenes aureus and the streptococcus pyogenes, 
as these have been most fully studied. 

It may ])e stattul at the outset that tlie occurrence of suppura- 
tion de])ends u})on tlie number of organisms introduced into the 
tissues, tlie number necessary varying not only in different 
animals, but also in different parts of the same animal, — a smaller 
number producing suppuration in the anterior clnimber of the 
eye, for example, than in the peritoneum. The virulence of the 
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organism also may vary, and corresponding results may be pro- 
duced. Especially is this so in the case of the streptococcus 
pyogenes. 

The staphylococcus aureus^ when injected suhcutamously in 
suitable numbers, produces an acute local inflammation, which 
is followed by suppuration, in the manner described aljove. 
The spread of the suppuration goes pa7'i passu with the growth 
of the cocci. If a large dose is injected the cocci may enter the 
blood stream in sufficient numbers to cause secondary suppurative 
foci in internal organs (c/. intravenous injection). 

Intravenous injection in rabbits, for example, produces interest- 
ing results which vary according to the quantity used. If a con- 
siderable quantity be injected, the animal may die in twenty-four 
hours of a general septictemia, numerous cocci being present in 
the capillaries of the various organs, often forming plugs. If a 
smaller quantity be used, the cocci gradually disappear from tlie 
circulating blood ; some become destroyed, while others settle in 
the capillary walls in various parts and produce minute abscesses. 
These are most common in the kidneys, where they occur both 
in the cortex and medulla as minute yellowish areas surrounded 
by a zone of intense congestion and hmrnorrhage. Similar small 
abscesses may be produced in the heart wall, in the liver, under 
the periosteum, and in tlie interior of bones, and occasionally in 
the striped muscles. Very rarely indeed, in experimental 
injection, do the cocci settle on the healthy valves of the heart. 
If, however, when the organisms are injected into the blood, 
there be any traumatism of a valve, or of any other part of the 
body, they show" a special tendency to settle at these weakeiied 
points. 

Experiments on the hunia^i subject have also proved the 
pyogenic properties of those organisms. Garre inoculated 
scratches near the root of his finger-nail writh a pure culture, a 
small cutaneous pustule resulting ; and l)y rubbing a culture over 
the skin of the forearm he caused a carbuncular condition whicli 
healed only after some weeks. Confirmatory experiments of 
this nature have been made by Bockhart, Bumm, and others. 

When tested experimentally the stapliylococcus pyogenes albus 
has practically the same pathogenic effects as the stajdiyiococcus 
aureus. 

The streptococcus pyoejems is an organism the virulence of 
which varies much according to the diseased condition from which 
it has been obtained, and also one which loses its virulence 
rapidly in cultures. Even highly virulent cultures, if grown 
under ordinary conditions, in the course of time lose practically all 
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pathogenic power. By passage from animal to animal, however, 
the virulence may be much increased, and the effects of 

inoculation are correspondingly varied. Marmorek, for example, 
found that the virulence of a streptococcus can be enormously 
increased by growing it alternately (a) in a mixture of human 
blood scrum and bouillon (vide page 41), and (/>) in the body of 
a rabbit ; ultimately, after several passages it ])ossesses a super- 
virulent character, so that even an extremely minute dose intro- 
duced into the tissues of a rab)>it produces rapid septicmmia, with 
death in a few hours. It has been proved by Marmorek’s experi- 
ments, and those of others, that the same species of streptococcus 
may produce at one time merely a passing local redness, at 
another a local suppuration, at another a spreading erysi- 
pelatous condition, or again a general sei)ticiemic infection, 
according as its virulence is artificially increased. Such experi- 
ments are of extreme importance as ex[)laining to some extent the 
great diversity of lesions in the human sul)ject with which strep- 
tococci are associated. 

Bacillus Coli Communis. — The virulence of this organism also 
varies much and can be increased l)y passage from animal to 
animal. Injection into the serous cavities of rabbits produces a 
fibrinous inflammation which becomes purulent if tlie animal 
lives sufficiently long. If, however, the virulence of the organism 
be of a high order, death takes place before suppuration is 
established, and there is a septicmmic condition, the organisms 
occurring in large numbers in the blood. Intravenous injection 
of a few drops of a virulent bouillon culture usually produces a 
rapid septiemmia witli scattered hcemorrhagcs in various organs. 

Other Effects. — It has been found by iudcpendoiit observers that in 
cases where rabbits r('cover after intravenous injection of bacillus coli 
comnumis, a certain [U'oportion stiUbr from paralysis and sometimes from 
atropliy of muscles, es})ccial]y of llic posterior limbs, these symptoms 
being due to lesions of the cells in the anterior cornua of the spinal cord. 
Somewhat similar results have been obtained by others after inoculations 
with staphyloeoeci and streptococci, a certain pro|)ortion only of the 
animals showing ])aralytic symjdoms and corresponding changes in the 
spinal cord. The lesions are believed to be duo chiolly to the action of 
the products of the organisms on the highly organised nervous elements. 
Much further research requires to be done before the importance of these 
results can l)e pro])erly estimated, but it is not improbable that they 
will throw light on tiie causation of nervous lesions which occur in the 
human subject, and the etiology of which at present is quite obscure. 
Some observers, chielly of the French school, consider that paralysis 
associated with cystitis, in whicli the bacillus coli communis is often 
present, may have such a causation, and that jiaralytic conditions 
following acute infective fevers may be produced by the products of 
pyogenic cocci, whicli frequently occur in these conditions. 
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Lesions in the Human Subject. — The following statement 
may be made with regard to the occurrence of the chief organisms 
mentioned, in the various suppurative and inHammatory con- 
ditions in the human subject. The account is, however, by no 
means exhaustive, as clinical bacteriology has shown that practi- 
cally every part of the body may be the site of a lesion produced 
by the pyogenic bacteria. It may also be noted that acute 
catarrhal conditions of cavities or tubes are in many cases also 
to be ascribed to tlieir presence. 

The Haphjlococvi are the most common causal agents in 
localised abscesses, in pustules on the skin, in carbuncles, l)oi]s, 

etc., in acute su}>i)urative 
periostitis, in catarrhs of 
mucous surfaces, in ulcer- 
ative endocarditis, and in 
various | )yien dc c( nidi tion s. 
They may also be iiresent 
in septicaunia, 

Strejdococci are es|)eci- 
ally found in spreading 
inhammation with or witli- 
out suppuration ; in diffuse 
phlegmonous and erysi- 
}>elatous conditions, su|)- 
purations in serous mem - 
branes and in joints (Fig. 
58). They also occur in 

Fm. 58.— Streptococci in acute suppuration. SU[>[)Urative perio- 

Corrosive film ; stained by (iram’s method ^^titis and ulcerative en- 
aiid safranin. x 1000. docarditls. Secondary 

abscesses in lymphatic 
glands and lymphangitis are also, we believe, more freijuently 
caused by streptococci than staphylococci. They also produce 
fibrinous exudation on the mucous surfaces, leading to the 
formation of false membrane in many of the cases of non- 
diphtheritic inflammation of the throat, which are met with in 
scarlatina 1 and other conditions, and they are also the or^ninisms 
most frecjuently present in acute catarrhal iiiflaramations^in this 
situation. In puerperal i)eritonitis they are frecjuently found in 
a condition of purity, and they also appear to be the most 
frequent cause of puerperal septiemmia, in which condition they 
may be found after death in the capillaries of various organs. 

1 True diphtheria may also occasionally be associatcjd with this disease 
usually as a sequel. ' 
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In pyjBmia they are frequently present, though in most cases 
associated with other pyogenic organisms. Some cases of 
enteritis in infants — streptococcic enteritis — are also apparently 
due to a strei)tococcus, which, however, presents in cultures 
certain points of difference from the streptococcus pyogenes. 

The ()aciUm coli amimmm is found in a great many inflam- 
matory and supi)urative conditions in connection with the ali- 
mentary tract — for exam] do, in su|)}niration in the ])eritoneum, 
or in the extraj)eritoueal tissue with or without perforation of the 
bowel, in the i)eritouitis following strangulation of the bowel, in 
a})])endicitis and the lesions following it, in suppuration around 
the ])ile-ducts, etc. It may also occur in lesions in other ])arts 
of the body, — endocarditis, ]fleurisy, etc., which in some cases 
are associated with lesions of the intestine, though in others such 
cannot b(^ found. It is also fretpiently ]>resent in inflammation 
of the urinary ])assages, cystitis, pyelitis, abscesses in the kidneys, 
etc., these lesions ))eing in fact most fVetjuently caused by this 
or closely allied organisms. 

in certain cases of enteritis it is probably the causal agent, 
though this is diflicult of ]>roof, as it is miicli increased in 
numbers in ])ractically rdl almormal conditions of tlie intestine. 
We may remark that it has been re]>eatedly })roved that the 
bacillus coli cultivated from various lesions is moi'e virulent than 
that in the intestine, its virulence having been heightened by 
growth in the tissiU'S. 

The iimrococcufi idvaijeum is oft(m found in su})])urations in 
the region of the mouth or in the neck, and also occurs in 
various lesions of the resjuratory tract, in phthisical cavities, 
absc(‘sscs in the lungs, etc. Sometimes it is present alone, and 
])robal)ly has a ])yogenic action in the human subject under 
certain conditions. In other cases it is associated with other 
organisms. Uecently one or two cases of ])ya‘inia have been 
descril)t‘d in which this organism was found in a state of purity 
in tlie pus in various situations. In this latter condition the ])us 
has been described as })ossessing an oily, viscous cliaracter, and 
as being often blood-stained. 

The ha ('Ulus pt/ocijamaoi is rarely found alone in ]ms, though 
it is not infre(]uent along with other organisms. We have met 
witli it twice in cases of multi])le abscesses, in association with 
the staphylococcus j»yogenes aureus. Lately some diseases in 
children liave ])eeii described in which the l)acillus pyocyaneus 
has been found tliroughout the body ; in these cases the chief 
symptoms have been fever, gastro-intcstiual irritation, j)iistular 
or petechial eruj>tions on the skin, and general marasmus. 
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Suppurative and inflammatory conditions, associated with the 
organisms of special diseases, will be described in the respective 
chapters. 

Mode of Entrance and Spread. —Many of the organisms of 
suppuration have a wide distribution in nature, and also 
are presen t on the akjn and m ucous membranes oLJicalthy 
individuals. Staphylococci are commonly present on the skin. 



Fig. 59. — Miiuiie focus of coinniciiciiif^ suppunition in bniiji — case of acute 
ulcerative endocarditis. In tlie centre a small lueinorrhage ; to riglit 
side dark masses of stapliylococci ; zone of leucocytes at peripher}'. 

Alum carmine and Gram’s method, x 50. 

and also occur in the throat and other parts, and skeptottoGci 
can often be cultivated from _the seci'etioiis of the rnouth in 
normal conditions. The pneumococcus of Fraenkel and the 
pneumobacillus of Friedliinder have also been found in the 
mouth and in the nasal cavity, whilst the bacillus coli communis 
is a normal inhabitant of the intestinal tract. The entrance of 
these organisms into the deept;r tissues when a surface lesion 
occurs can be readily understood. Their action wi jk of course, 
be.i^ured by any condition of depressed vitality. Though in 
nornSr^OTidi^^ thcUbtewHrtaictem^^ suppose 
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that from time to time a certain number of such organisms gain 
entrance to it from trifling lesions of the skin or mucous surfaces, 
the possibilities of entrance from the latter being especially 
numerous. In most cases they are killed by the action of the 
healthy serum or cells of the body, and no harm results. If, 
however, there be a local weakness, they may settle in that part 



Fia. CO.— Secoiulary in lection of a gloinerulus of kidney by the staphylo- 
coccus aureus, in a case of ulcerative endocarditis. The cocci (stained 
darkly) are seen {dogging tlie ca{)illaries and also lying free. The 
glomerulus is much swollen, infiltrated by leucocytes, ami }>artly necrosed. 

Paraflin section ; stained by Gram’s method and Bismarek-browii. x 300. 

and produce suppuration, and from tliis other parts of the body 
may be infected. 8uch ti supposition as this is necessary to 
explain many inflammatory and suppurative conditions met with 
clinically. In some cases of multiple sup|)urations due to 
staphylococcus infection, which we have laid the op[)ortunity to 
examine, ordy an apparently unimportant surface lesion was 
present ; whilst in others no lesion could be found to explain 
the origin of the infection. The term cn/pio^enetic has been 
applied by some writers to such cases in which the original 


188 INFLAMMATION AND SUPPURATION 


point of infection cannot be found, but its use is scarcely 
necessary. 

Tliyjath^_ of secondary i may be conveniently sum- 

mariseothiLi^ lymjihatics. In this way tlie lynijihatic 

glands may oe infected, and also serous sacs in relation to the 
organs where the iirimary lesion exists, (f Second, by natural 
channels, such as the nretcTs and the liile-ducts^ the spread 
being generally associated with an inflamniatory condition of the 
lining epithelium. Injliis way the kidneys and liver respectively 
may be infected. |Third, by the blood vessels ; (a) by a few 
organisms gaining entrance to the blood from a local lesion, and 
settling in a favourable nidus or a damaged tissue, the original 
path of infection often being obscure ; (h) by a septic phhdiitis 
with suppurative softening of the thrombus and resulting em- 
bolism ; and we may add (c) by a direct extension along a ^'ein, 
producing a sjireading thrombosis and sui»puration within the 
vein. In this way suppuration may spread along the ]»ortal vein 
to the liver from a lesion in the alimentary canal, the condition 
being known as pyleplilelhtis su]>})urativa. 

Although many of the lesions |)rodu(;ed l)y the bacteria 
under consideration have already been mentioned, certain con- 
ditions may be selected for further consideration on account of 
their clinical importance or bacteriological interest. 

Endocarditis. — Tliere, is now strong presuni}>tive evideiii'c 
that all cases of eudocarditis are. due to bacterial infection. In 
the simple or vegetative form, so often the result of acute 
rheumatism, the jni crocomui ^ rlieum aticiis, (p. 193 ) lias been 
cultivated from the valves in a certain number of cases, and is 
probably the causal agent in most instances. 

Endocarditis of the ulcerative. may be iirodiiced by 
various organisms, chiefly jiyogenic. Of these the stajihylococci 
and stre])toc.ocai are most frecjuently found. In some cases of 
ulcerative endocarditis following i)ueumonia, tlie imeumococcus^ 
(Fraenkers) is juesent ; in others pyogenic cocci, es]>ecially 
streptococci. Other organisms have been cultivated from 
different cases of the disease, and some of these have reiadved 
special names ; for example, the di|)lococcus endocarditis encap- 
sulatus, bacillus endocarditidis griseus (Weichselbaum), and 
others. In some cases the bacillus coli communis has been found 
and occasionally in endocarditis following tyjihoid the typhoid 
bacillus has been described as the organism present, but further 
observations on this point are desirable. The gonococcus also 
has b een s hown to affect the heart valves (p. 225 ), flibugh tliisTs 
a very rare occufrence. Tubercle nodules on the heart valves 
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have been found in a few cases of acute tuberculosis, though no 
vegetative or ulcerative condition is produced. 

In some cases, though we believe not often, the organisms 
may attack healthy valves, i)roducing a immary ulcerative endo- 
carditis, but more frequently the valves have been the .seat of 
})revious endocarditis, secondary ulcerative endocarditis being 



Fc;. 61.— Sect ion of !i vc.Ljotatiou'iii' ulcerative eiKlocanlitis, showing numerous 
staphyloeoi'.ei lying in the spaces. The lower [)ortion is a fragment 
in proct'ss of separation. 

Stained l)y (Iraiu’s method and Rismarck -brown, x 600. 

tints pi’oduced. In some cases, es[)ecially wlien the valves have 
been itreviously diseased, the source of the inlection is ()uite 
obscure. It is evidtmt that as the vegetations are composed lor 
the most part of unorganised material, tliey do not offer the 
same resistance to tlie growth of bticteria, when a few reach them, 
as a healthy cellular tissue does. On microseo])ic examination 
of the diseased valves the organisms are usually to be found in 
enormous numbers, sometimes forming an almost continuous layer 
on the surface, or occurring in large masses or clusters in si)aces 
in the vegetation (Fig. Gl). Ry their action a certain amount 
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of softening or breaking down of tlie vegetations occurs, and the 
emboli thus produced act as the carriers of infection to other 
organs, and give rise to secondary suppurations. 

Experimental . — Occasionally ulcerative endocarditis is ])roduced by the 
simple intravenous injection of sta])]iylococci and streptococci into the 
circulation, but this is a very rare occuiTeuee. It often follows, however, 
when the valves have been ]>reviously injured. Orth and Wyssokowitsch 
at a comparatively early date produced tlie condition by damaging the 
aortic cusps by a glass rod introduced through the carotid, and after- 
wards injecting sta})hylococci into tlie circulation. Similar exiierinients 
have since been repeated witli strejitococci, ]tneumococci, and other 
organisms, with like result. Kibbert found that if a potato culture of 
the staphylococcus aureus were rubbed down in salt solution so as to 
form an emulsion, and then injected into the circulation, some minute 
fragments became arrested at the attachment of the cdiorda* tendimae and 
produced an ulcerative endocarditis. 

Acute Suppurative Periostitis and Osteomyelitis. — Sfiecial 
mention is made of this condition on account of its comparative 
frequency and gravity. Tlie great majority of cases are caused 
by the pyogenic cocci, of whicli one or two varieties may be 
present, the staphy lococcus aureus^ liowever, occundiig most 
frequently. Pneumococci have b(;en found alone in some cases, 
and in a few cases following ty|dioi(l fever, appai’cntly w^cll 
authenticated, the typdiokl -baxdlh;s has been found alone. In 
others again tlie bacillus (;oli communis is [iresciit. 

Tlie atiection oLflie ])eriosteiim or inttudor of the bones by 
these organisms, which is especially common in young sulijects, 
may take place in the course of other affections produced by 
the same organisms or in the course of infective fevers, but in a 
great many cases tlie ])at]i of entrance cannot lx* (let(*rmiii(xl. 
In the course of this disease serious secondary infections are 
always very liable to follow, sucli as small abscess(!s in the 
kidneys, heart-wall, lungs, liver, etc., suppurations in serous 
cavities, and ulcerative endocarditis ; in fact, some cases presmit |‘ 
the most typical examples of extreme geneiul stajiliylacjOig^us / 
infection. The entrance of the organisms into tlic blood stream 
from the lesion of the bone is especially favouixxl by the arrange- 
ment of the veins in the bone and marrow. 

■Experimental . — Multiple abscesses in the bones and under the peri- 
osteum may occur in .simple intravenous injection of the pyogenic 
cocci into the blood, and are especially liable to be formed when young 
animals are used. These abscossfis are of small si7.e, and do not spread 
ill the same way as in the natural disease in the human subject. 

In experiments on healthy animals, however, the conditions are not 
analogous to those of the natural disease. We must presume that in the 
latter there is .some local w'cakness or susceptibility wdiicli enables the 
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few organisms wliicli have reached tlie part by the blood to settle and 
multiply. Moreover, if a bone be experimentally injured, e.g. by actual 
fracture or by stripjung olf the periosteum, before the organisms are 
injected, then a much more extensive suppuration occurs at the injured 
part. 

Erysipelas. — A spreading inflammatory condition of the 
skin may be produced by a variety of organisms, but the disease 
in tlie liuman subject in its characteristic form is _aiiaQiit=ilir 
v ariablY^ duc to a stre))toco(;^ inj, as was shown by Fehleisen in 
lo84. He obtained pure cultures of the organism, and gave it 
the name of strei)tococcus erysipelatis ; and, further, by inocu- 
lations on tlie human subject as a thera])eutic measure in 
malignant disease, he was aide to rcjiroduce erysipelas. As 
stated above, liowcver, one after another of the sujijiosed points 
of difference between tlie streptococcus of erysijiclas and that of 
suppuration has lirokcn down, and it is now geneially held that 
erysipelas is iiroduced by the strojitococcns jiyogenes of a certain 
degree of virulence. It must be noted, however, that erysi])elas 
l>asses from patient to patient as erysipelas, and ])nrulent con- 
ditions due to strcpto(‘occi do not ap[)ear liable to be followed 
by erysipelas. On the other hand, the connection between 
erysipelas and puer[)eral septicannia is well esialtlished clinicallv. 

a case of erysipelas the sHeptococcL. are found _in large 
numbers in the lynijdiatics of the cutis and underlying tissues, 
jiist b(‘yon(l the swollen margin of the inflammatory area. As 
the inflammation advances they gradually die out, and after a 
time their extension at the periphery comes to an end. The 
stre|>tococci may extend to serous and synovial cavities and set 
uj) inflammatory or sujipurative change, — peritonitis, meningitis, 
and synovitis may thus be produced. 

Conjunctivitis. — A considerable number of organisms arc 
concerned in the production of conjunctivitis and its associated 
lesions. Of these a number ap]*ear to be specially associated 
with this region. Tlius a small organism, generally known as 
tlie Koch-Weeks bacillus, is the most common cniuse of acute 
contagious conjunctivitis, especially ]»revalent in Egypt, but 
also common in this country. Tins organism is very minute, 
being little more tluin 1 fi in length, and inorphologically 
resembles tlie influenza bacillus ; its conditions of growth are 
even more restrictc‘d, as it rarely grows on blood agar, the best 
medium being serum agar. On this medium it jiroiluces minute 
transparent colonies like drops of dew. The obtaining of pure 
cultures is a mattei* of considerable difficulty, and it is nearly 
always accompanied by the xerosis bacillus. It can readily be 



192 INFLAMMATION AND SUPPURATION 


found in the inuco-piimlent secretion by staining films with 

weak (1 : 10) carbol- 
fuclisin, and is often to 
])e seen in the interior 
of lencocytes (Fig. 62). 
Auotlier organism ex- 
ceedingly like the prev- 
ious, ajtparently differing 
from it only in the rather 
wider conditions of 
growth, is Miiller’s bacil- 
lus. It has been culti- 
vated by him in a con- 
siderable pro[)ortion of 
cases of trachoma, but 
its relation to this con- 

Fio. 62. — Film jjr('pjiral.ion IVom a case of is still matter of 

acute conjunctivitis, siiowinj,' Kocli-Wecks dispute. Another bacil- 
bacilli, cliiclly coutaine(l witliin alcvicocyte. lus wllicll is now W'^ell 
(From a preparation by Dr. Inglis I'ollock.) vecanmised is the diulo- 
X 1000, -1 .11 n . ... 

bacillus ot conjunctivitis 

first described by Morax. It is esjiecially common in the more 
subacute cases of conjunctivitis. Eyre found it in 2‘5 per cent 
of all cases of conjunc- 
tivitis. Its cultural char- 
acters are given below. " t 

The xerosis liacillus, — - \^l 

which is a small diph- 
tlieroid organism (Fig. 

123), has been found in 
xerosis of the conjunc- % 
tiva, in follicular con- 
junctivitis, and in other 
conditions ; it appears 
to occur sometimes also 
in the normal conjunc- 
tiva. It is doubtful 
whether it has any 
[lathogenic action of im- 
portance. Acute ! con pivparation of coujmictival 

JUIlctlVltlS is also pro secrotiou showing tlie Morax diplo-bacillus 
duced by the pneurno- of conjunctivitis, xiooo. 

coccus, epidemics of the 

disease being sometimes due to this organism, and also by 
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streptococci and staphylococci. True diphtheria of the con- 
junctiva caused by the Klebs-Loffler bacillus also occurs, 
whilst in gonorrhreal conjunctivitis, often of an acute purulent 
type, the gonococcus is present (p. 225). 

Diplo ■ bacillus of Conjunctivitis. — Tliis organisni, disoovored by 
Morax, is a small })lutnp bacillus, measuring 1 x 2 /x, and usually occur- 
ring in ])airs, or in short chains of pairs (Fig. 63). It, is non-motile, 
does not form spores, and is decolorised by Gram’s method. It does not 
grow on the ordinary gelatin and agar media, the addition of Idood or 
serum being ii(;cessary. On scrum it forms small rounded colonies 
which produce small juts of liquefaction ; hence it has been called the 
hacillus lacwuitus. In cultures it is distinctly j)leomor|)hous, and 
involution forms also occur. It is non-j)atliogeni(! to tlio lower animals. 

Acute Rheumatism. — Tliere are many facts which j)oiut to 
t he infec tive nature of tliis disease, and investigations from this 
point of view have yielded imj>ortant results. Of tlie organism 
isolated, the one which ajq.iears to have strong(‘st claims is a 
small coccus observed by Tribouhd;, and by Westjdial and 
Wassermann, the characters and action of whicli were first 
investigated in this country liy Poynton and Paine. It is now 
usually sjioken of as the inicroeoccus rheivniatkm.. Tlic organism 
is sometimes sfiokcu of as a dijdocoijcus, Imt it is best described 
as a strejitococcus growing in short chains ; in the tissues, liow- 
ever, it usually occurs in jiairs. It is ratlicr smaller tliaii the 
stre|)tococciis jiyogenes, and although it can be stained by Gram’s 
method, it loses tlie colour more readily than the strejitococcus. 
In the various media it jiroduces a large amount of acid, and 
usually clots milk after incubation for two days; on lilood agar 
it altei’S the Inemoglobin to a brownish colour. Its growth on 
media generally is more luxuriant than that of the strejitococcus, 
and it grows well on gelatin at 20° C. Intravenous injection 
of jiure cultures in rabbits often jiroduces jiolyarthritia and 
synovitis, valvulitis and pericarditis, without any supjiurative 
change — lesions which it is stated are not jiroiluced by the 
ordinary streptococci (P)eattie). In one or two instances 
choreiform movements liavc been observed after injection. The 
organism is most easily obtained from tlie substance of inflamed 
synovial membrane where it is invading the tissues ; a jiart 
where there is sjiecial congestion should be selected as being 
most likely to give positive results. It is only occasionally to 
bo obtained from the fluid in joints. It has also been cultivated 
from the blood in rheumatic fever, from the vegetations on the 
heart valves, and from other acute lesions ; in many cases, how- 
ever, cultures from the blood give negative results. Poynton 
13 • 
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and Paine cultivated it from the cerebro- spinal fluid in three 
cases where chorea was present, and also detected it in the 
membranes of tlie brain. They considk that this disease is 
probably of the nature of a slight meningo-njyelitis produced by 
this organism. The facts already accumulated si)eak strongly 
in favour of this organism being causally related to rheumatic 
fever, though this cann^)t be considered completely proved. 
Andrewes finds that the organism has the same cultural cliaracters 
and fermentative (^fleets as the streptococcus f:ecalis, a common 
inhabitant of the intestine. Fven, liowever, if the two organisms 
were the same, it might well be })Ossible that rheumatic fever is 
due to an iiifection of the tissues by this variety of streptococcus. 
The clinical data, in fact, rather ]>oint to rheumatic fever being 
due to an infection l)y some organism fre(|ut‘ntly })resent in the 
body, brouglit about by some state of predisposition or ac'juired 
susceptibility. 

Vaccination Treatment of Infections by the Pyogenic Cocci. 

— From his study of the part ]>layed by phagocytosis in the 
successful (!oml)at of the ]>yogenic bactoida by the l)ody, Wrlglit 
was led to advocate the treatment of sucli infections by tlie 
origination during tluvir course of an active immunisation by 
dead cultures of the infecting agent. The treatment is applicable 
when the infection is i)ractically local as in acne ])ustulcs, in boils, 
etc. (For tlie theoretical questions raisiul sia‘ Immunity.) It 
is best to af-temjit to isolate the causal organism from the h^sion 
and to test tlie o|)souie index of the patient against it. To 
prepare the vaccine an agar slope culture is taken and the 
gi’owth washed off with normal saline. The organism is then 
killed by steaming for an ap[)ropriate time, and the efficacy of 
tlie sterilisation tested liy inoculating fresh agar tubes. Tlie 
strength of the emulsion is estimated liy the method of counting 
dead bacteria described on p. 07. The number of bacteria used 
for ail injection is from 250,000,000 to 500,000,000, and in the 
details of the measurement of this quantity and in its injection 
every aseptic precaution must, of course, be adojited. If 
repeated injections arc necessary Wright recommends that the 
opsonic index should be observed every few days and the 
injections only practised during a positive ])hase. If it is not 
practicable to use the infecting strain for the jireparation of the 
vaccine, then laboratory cultures must be used, and in such 
cases it is well to use a mixture of strains ; in skin infections 
a mixture of staphylococcus aureus and albus may be employed. 
Such means have been extensively used in the treatment of 
acne, boils, sycosis, infections of the genito-urinary tract by the 
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b. coli, infections of joints by the gonococcus, and in many cases 
consideral)le success has followed the treatment. 

Methods of Examination in Inflammatory and Suppurative 
Conditions.” These are usually of a comparatively simple nature, 
and include (1) microscopic examination, (2) the making of 
cultures. 

(1) The pus or other fluids should be examined microscopi- 
cally, first of all by means of film ])rej)aratious in order to 
determine the chara,cters of the organisms jiresent. The films 
should l)e stained (u) by one of the ordinary solutions, such 
as carbol-thionin-bluc (]). 98), or a saturated watery solution of 
methylene-blue ; and (A) l)y dramas method. The use of the 
latter is of course of higli importance as an aid in the I’ecognition. 

(2) As most of the. jiyogenic organisms grow readily on the 
gelatin media at ordinary teiipteratures, pure cultures can be 
readily obtained by tiie ordinary ])late inetliods. Ihit in many 
cases the se]»aration can be etfe(*t(*d much more ra})idly by the 
method of successive str(‘aks on agar tubes, whicih are then 
inciil)aded at d. When the presence of imeumococci is 
sus]tected this method ought always to be used, aiid it is also to 
1)0 |)r('feri-ed in the case of streptococci. Inoculation exj)eriments 
may be carried out as occasion arises. 

In cases of suspected blood infection the examination of the 
blood is to l)e cai'ried out by tin', methods already desci’ibed 
(|). () 8 ). 



CHAPTER Vll. 

INFLAMMATOJIY AND SUrFlIJIATlVE CONDITIONS, 
CONTIJSUED: TIIl^: ACUTJ^ I^NEU.MONIAS, EIT- 
DEMIC CEUEI5RO-SITNAL Mj^NINGEriS. 

Introductory.— Tlie term. Pneumonia is a]>|)lie(l to seyeral con- 
ditions wliicli |>reserit ditle)‘enc(.‘s in })ath(.>logical anatomy aiid in 
origin. All of these, liowcver, must he looked on as vajleties of 
inflammation in which the ]>roces.s is modified in diHerent ways 
depending on the special structure of the lung or of the part,s 
which coin])Ose it. There is, first of all, and, in adults, the com- 
monest type, the acute croupous or lobar jaieumonia, in which 
an inhammatory pi'ocess attended by abunda,nt fibrinous exuda- 
tion affects, by continuity, the entire tissiu; of a lol)(^ or of a 
large portion of the lung. It dei>arts from the course of an 
ordinary in fl animation in that the reaction of the conneidive 
tissue of the lung is relatively slight, and there is usually no 
tendency for organisation of the inhammatoi'y exudation to take 
place. 8econdly, there is tlie acute cataj’rlial or lolnilar 
pneumonia, where a catarrhal inflammatory process spreads from 
the capillary bronchi to the air vesicles, and in these a change, 
consisting largely of proliferation of the endothelium of the 
alveoli, takes place which leads to consolidation of [)atches of 
the lung tissue. Up till 1889 acute catarrlial pneumonia was 
comparatively rare except in children. In adults it w^as chiefly 
found as a secondary com})lication to some condition such as 
diphtheria, tyjihoid fever, etc. Since, however, influenza in an 
epidemic form has become frequent, catarrhal pneumonia has 
been of much more freijuent occurrence in adults, has assumed 
a very fatal tendency, and has })resented the formerly quite 
unusual feature of being sometimes the i»reciirsor of gangrene 
of the lung. Besides these tw^o definite types other forms also 
occur. Thus instead of a fibi-inous material the exudation may 
• 196 
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be of a serous, haimorrliagic, or purulent character. Cases 
of mixed fibrinous and catarrhal ]!)neumonia also occur, and 
in the catarrhal there may be great leucocytic emigration. 
Itiemorrhagcs also may occur here. 

Besid(xs the two chief types of })neiim()nia there is another 
group of cases wliich are somewhat loosely denominated septic 
pneumonias, and which may arise in two ways; (1) by the 
entrance into the trachea and bronchi of discharges, blood, etc., 
wliicli forma nidus for the growth of septic organisms; these 
often set up a ])urulent cajhllary lu’onchitis and lead to infection 
of the air cells and also of the interstitial tissue of the lung ; (2) 
from secondary pyogenic infection by means of the blood stream 
1‘rom suppurative foci in other [>arts of the body. (See cliapter 
on Sup)puration, tdc.) In these septic pneumonias various 
clianges, resond)ling those found in the other ty^ies, are often 
seen round the septic foci. 

In pneumonias, therefore, there maybe present a gi’eat variety 
of ty})es of inflammatory reaction. We shall see that with all of 
tliein bactcu’ia have bemi found associated, S})ecial im[) 0 rtance 
is attaclied to acute croupous iineumonia on account of its course 
and characters, but reference will also be made to the other 
forms. 

Historical. Acute lohar jiueumonia fer long was supposed to bean 
('lleet of exposure <,o e.old ; but many observers weri; dissatisfied with 
tins view of its etiology. Not only did eases occur where no sucdi 
cx]H)sure could be traced, but it had iHMvn observed that the disease 
souudimes occurred ejudiuuically, and was occasionally contracted by 
hosjutal patients lying in beds a<liacent to those occujuiid by pneumonia 
cases. Further, the sudden onset and delinite eourse of the disease eon- 
formed to the tyjie of an acute infective fever ; it was thus siispwited by 
SOUK', to be due to a speuilie inhadiou. This view of its etiology v/as 
promulgated iu 1882-83 hy Friedliimler, whose results were brieily as 
follows. Ill pnoumoiiie lungs tlierc were cocci, adluvrciit usually in 
pairs, and jiossessed of a ehdinitely contoured capsule. These cocci 
could b('. isolated and grown on gelatin, ami on inoculation in mice they 
produced a kind of septiciemia witli inflammation of the serous meinbranes. 
Till! blood and the exudation in serous cavities contained numerous 
(;apsuiated diploeocci. TJicre is little, doubt that many of the organisms 
seen hy Friedliinder were really Fracnkel’s jmenmococeiis, to be jiresently 
described. 

F>y many observers it had biam found that the sputum of healthy 
nicii, when injected into animals, sometimes caused death, with the 
same symptoms as in the ease of the injection of Fried hinder’s coccus ; 
and in the blood and serous exudations of such animals capsulated 
diploeocci were found. A. Fracnkel found that the sputum of pneumonic 
jiatients was much more fatal and more constant in its ell'ects than that 
of healthy individuals. The cocci which were found in animals dead of 
this ‘‘sputum septicicmia,” as it was called, dilfered from Friedlander’s 
cocci in several respects, to be presently studied. Fracnkel further 
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investigated a few eases of jmeuiiionia, and isolated from tliem cocci 
identical in inicroscopic ajtjiearances, cultures, and ])Mtl)ogenic elfects, 
with those isolated in sjmtuni septicicmia. The most extoiisivi^ investi- 
gations on the whole question were those of Weichselbaiim, published 
in 1880. This author examined 129 eases of the disease, including 
cases not only of acute croujuius ]»neumonia, hut of lobular and septic 
pneumonia. From them he isolated Jour grouj)S of organisms. (!) 
Dlplocaecus jmeunwHUr. This he descrilx'd as an oval or hi ncet- formed 
coccus, cori’csponding in ajqiearanc-e and grovvtii (diaracters to Kramdcel’s 
coccus. (2) SircplococcHs pne/iunmihr. This on i.lie wlinle jircsenled 
similar characters to the bust, but it was more vigorous in its gi’owth, 
and could grow helow 20 ' (1, though it preferi'cd a tem)'craturc of :>7'’ C. 
(8) ^tivph/ijUmcciis pyiigeius aureus. (4) JiaeiH a.s p'lieniitoii'ar. Tliis was 
a rod-shaped orgaiii.sm, and was idmitii^al with Friedliinder's ])ueumo- 
coccus. Of thcsii organisms the dijilococcus pneumonia' was by far the 
most frequent. It ahso oiamrred in all J'ornis of jmeumonia. iNcxt in 
frequency was the, strejdococeus pneumonia-, and lastly the bacillus 
jmcumoniai. Inoculation experiments were also jterfornied by Weichscl- 
baum with each of the three characteristii; cocci he isolated. The 
diplococcus jiucumonia- and the streptococcus pneumonia- both gave 
pathogenic elfects of a similar kind in certain animals. 


The geiierul result of these earlii'r oliservutious wtis to estahlish 
the occurrence iti coiinoction witli iiiieunionia of two spei'ies of 
organisms, eacli liaving its distinctive (“haracticrs, viz : 

1. j/n(aua<Ha>(Tas, which is recognised to be identical 
with tlie coccus of ‘‘sjuituni se]>ticjemia,'’ with Weichselliauin’s 
di|)]ococcus pneninoiiije, and with his stre])tococcus pneumonia'. 

2. Friedlaiiders jutca/uoroerns (now known as hriedhinder’s 
pneumobticillus), which is almost certainly the bacillus pneu- 
monia,', of WeichselbiUini. 

We shall use tlie terms “ Fraenkel’s jnieumococcus ’’ and 
“ Friedliinder’s jmenimduicilliis,’’ as these are now usually ajqdicd 
to the two organisms. 

Microscopic Characters of the Bacteria of Pneumonia. — 

Methods , — The organisms present in acute pneumonia can best 
be examined in lilm })reparations made from |)neumonic lung 
([ireferably from a jiart in a stage of acute congestion or early 
hepatisation), or from the gelatinous parts of pneumonic sputum 
(here again preferaldy when such sputum is either rusty or 
occurs eaidy in the disease), or in sections of puieumonic lung. 
Such jireparations may be stained by any of tlie ordinary weak 
stains, such as a watery solution of methylene-blue, but Gram’s 
method is to be preferred, Avith Bismarck-brown or Ziehl-Neelsen 
carbol-fiudisin (one part to ten of water) as a conti'ast stain ; 
with tlie latter it is best either to stain for only a few seconds, 
or to overstain and then decolorise with alcohol till the ground 
of the preparation is just tinted. The capsules can also be 
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stained by the methods already described (p. 102). In such 
preparations as tlie above, and even in speciniens taken from 
the lungs immediately after death (as may be (]uite well done 
by means of a hy{)odermic syringe), putrefactive and other 
bacteria may be j)rcsent, but those to be looked for are capsulated 
organisms, whicli may be of either or both of the varieties 
mentioned. 


( 1 ) Fraenkel\'^ Pnemnococcti^. 
of a small oval coccus, about 1 
generally in pairs (diplo- 
cocci), but also in chains 
of four to ten (J^'ig. (il). 

The free ends are often 
])ointed like a lancet, hence 
the term (li/>foc(m:iis famu - 
(ihitm has also been ap- 
])lied to it. These cocci 
have roiindthem a capsule, 
whhih, in films stained by 
ordinary methods, usually 
appears as an unstained 
halo, ])ut is sometimes 
stained more deeply titan 
the ground of the pre- 
pjiration. This ditference 


— Th is organism occurs in thg form 
}L in longest diameter, arranged 



in staining depends, in tM.— Film preparation of pneumonie 
partat least, on tlioamouilt slnoviuK nu,„«'Ous pneun.oeeoci 

of decolorisation t,o which 

the ])reparation has been stained with carbul-ruelisin. xlOOO. 
subjected. The ca]>sule 

is rather broader than the body of the coccus, and has a shar[>ly 
detined external margin. This organism takes ip) the basic 
aniline stains with great readiness, and also rHaim the utam tn 
Gramh method. It is the organism of by far the most frequent 
occurrence in true croupous ])iieumonia, and in fact may be said 
to be rarely absent. 

(2) /Vy’c(//d 7 nicr’,s- Pneunioheimli m. — As seen in tlie sputum 


and tissues, this organism, both, in its a|)]K!arance and arrange- 
ment, as also in the presence of a caj)sule, somewhat resembles 
Fraenkers pneumococcus, and it was at first descrilied as the 
‘‘ pneumococcus.’’ The form, however, is more ol a short rod- 
shajie, and it has blunt rounded ends ; it is also rather 
broader than Fraenkel’s pneumococcus. It is now classed 
amongst the bacilli, especially in view of the fact that elongated 
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rod forms may occur (Fig. 65). The capsule has the same 

general characters as 
that of Fraenkcrs organ- 
ism. Fried lander’s 
] nicuinobacillus stains 
readily with the ])asic 
aniline stains, but loses 
the sUim in (Irani! s 
niethod, and is accord- 
ingly coloured with the 
contrast stain, - fuchsin 
or Bismarck -Itr’own, as 
above rt‘(‘()]iimen(le(l. A 
valual)le means is thus 
ati'orded of distiiiguish- 
ing it from Fraenkcrs 
}>neuniocoeciis in micro- 
scojhc preparatioiis, 
Friedhinder’s organ- 
ism is much less fre- 
(juently present in pneii- 
is associated with tlie 



Fi(!. 65. — Friedliinder’.s ]»iK‘innol»;u‘,illiis, s])(nviiii^ 
the variations in leiigtli, also (;a)»snles. Film 
l)r(‘j)araiion from exudate in a east* of juieu- 
inoiiia. xlOOO. 


sometimes 


monia than I’l’acidveFs : 
latter ; very rarely it 
occurs alone. 

In s}mtum ])re]>ara,- 
tions the capsule of both 
pneumococci may not be 
recognisable, and the 
same is sometimes true 
of lung pre})arations. 

This is lu'obably due to 
changes wliich occur in 
the capside as the result 
of changes in the vitality 
of the orgiinisms. Some- 
times in preparations 
stained by ordinary 
metliods the difficulty of 
recognising the cai>sule 
wlien it is jn’esent, is 
due to tlie refractive 
index of tlie fluid in 
Avhich the specimen is 
mounted being almost identical with that of the capsule. 



Fiu. 66. 


Fraeukel’s pmmmocofcus in serous 
exudation at site of inoculation in a rabbit 
.showing cap.sules stained. 

Stained by lid. Muir’s method, x 1000. 


This 
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difficulty can always be overcome by having the groundwork 
of the preparation tinted. 

The Cultivation of Fraenkel’s Pneumococcus. — It is usually 
difficult, and sometimes im])ossible, to isolate this coccus directly 
from pneumonic sputum. On culture media it has not a vigorous 
growth, and when mixed witli other bacteria it is a])t to be 
overgroAvn by tlie latter. To get a i>ure culture it is best to 
insert a small })iece of the sputum beneatli the skin of a rabbit 
or a mouse. In about forty-eight hours the animal Avill die, 

with numerous capsulated ])nenniococci 

throughout its blood. From the heart- 
blood cultures can be easily obtained. 

Cultures can also be goty/o.sg niorirDi from 
the lungs of pneumonic ])atients by 
streaking a numl)er of agar or blood- 
a^gar tubes with a scraping ta.ken from 
the area of acute congestion or cominmic- 
irig j-ed hepatisation, and incubating thejii 
at .‘17 G. The colonies of the })neumo- 
coccus app('ar as almost transparent small 
discs whicffi have becai compa,red to drops 
of (lew (Fig. G7). This method is also 
sometimes successful in the cas(! of 
sjMitum. 

The api,carar,ees [.rcHOiited in cultures 67,_gt, of 
by dith'rent varieties ot the ] mcumococcus piieinnocodcus 

vary somewhat. It always grows best on blood agar. The 

on Idood serum or on Ffeiffivr’s blood colonies ;ire large and nn- 

agar. It usually grows well on ordinary asaally distinct. Iwcnty- 
agar or in bouillon, but not so well on 37 ’ c. Natural size, 
glycerin agar. In a stroke culture on 

blood serum growtli ajiiieai’s as an almost trans[)arent pellicle 
along the tmek, with isolated colonies at the margin. On 
agar media it is more manifest, but otherwise has similar 


characters. The ajijxiarances are similar to tliose of a culture 
of streptococcus pyogenes, but the growth is less vigorous, 
and is more delicate in ai)[)earance. A similar statement also 
applies to cultures in geiatm at 22" C., growtli in a stab culture 
appearing as a row of minute jioints which remain of small 
size ; there is, of course, no liiiuefaction of the medium. On 
agar jihites colonies arc almost invisible to the naked eye, 
but under a low power of the microsco])e a})[)ear to have a 
compact finely granular centre and a jiale transparent jierijhery. 
In bouillon^ growth forms a slight turbidity, which settles to the 
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bottom of the vessel as a slight dust-like deposit. On potatoes^ 
as a rule, no growth appears. Cultures on such media may be 
maintained for one or two months, if frcsli sub-cultures are made 
every four or five days, but they tend ultimately to die out. 
They also rapiilly lose their virnkmce, so that four or five days 
after isolation from an animaTs l)ody theii* pathogenic action 
is already diminished. Eyre and Washbourn, however, have 
succeeded in maintaining cultures in a condition of constant 
virulence for at least three months hy growing the organisms on 

agar smeared witli rab- 
l)its’ blood. Tlie agar 
must be ])re]>ared with 
A\dtte’s peptone, must 
notin' lieated over 100" 
C., and after neutralisa- 
tion (rosolic acid being 
used as tlie indicator) 
must have ’5 per cent of 
noianal sodium hydrate 
added. The tubes when 
irnnu dated are to be kept 
at d7* 5"' G. and sealed to 
pi’(^vent I'vaporation. In 
none of the ordinary arti- 
ficial media do }>neumo- 
cocci (U'veloi) a ca]>sule. 

X’ lu. uo. — r ruuiiKci .s piu-wiiioi-oecuM iumi [)iin‘ rni 1 1 

ciiliiire (i!i ugaT of twtnity-l'our hours’ 

growth, some ill ]>airs, some ill slioit cliains. dl[)lococci, but in JU'C- 
SLained wiili xveuk earhol-fiiclisiu, x 1000. paratioiis made from the 

surfa.(*e of agar or from 
bouillon, shorter or longer chains iiiay be observed (Pig. (>8). 
After a few days’ growth they lose their regular shajie and size, 
and involution forms ii|)])ear. I’sually the pneumococcus does 
not grow below 22" C., but forms in which the viruleiu'e has 
disappeared often grow well at 20" C. Its o])timuni tem[)erature 
is 37 ’ C., its maximum 42’ C. It is prefi'rably an aerobe, but 
can exist without oxygen. It prefers a sliglitly alkaline medium 
to a neutral, and does not grow on an acid medium. These 
facts show tliat when growing outside the body on artificial 
media, the pneumococcus is a com[>aratively delicate organism. 
There has been described by Eyre and Washbourn a non- 
])athogerdc tyjie of the i>neumococcus which may be found in 
the healthy mouth, and wdiich may also be })roduced during the 
saprophytic growth of the virulent form. From the latter it 
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differs generally in its more vigorous growth, in producing a 
uniform cloud in bouillon, in slowly li(|uefying gelatin, and in 
growing on potato. 

The Cultivation of Friedlander’s Pneumobacillus. -This 
organism, when jn-esent in s])utum or in a }meumonic lung, can 
be readily sej^arated by making ordinai’y 
gelatin ])late cultures, or a series of successive 
strokes on agar tubes. The surface colonies 
always a}>])car as white discs wliich become 
raised from the surface so as to appear like 
little knobs of ivory. J^Vom these, pure 
cultures can be readily ol)iained. The a])- 
I pearance of a stab cultui'e in gelatin growth 

I is very characteristic. At the site of the 

\ puncture, there is on the surface a white 

growth heaped up, it may be fully one-eighth 
of an inch above tlie level of tlie gelatin ; 
alonii the needle track there is a white 




Km. 69. — Stal) culture 
of Kriedliiiider’.s 
j)ju‘,vniiulja(“illus in 
peptone ^^elati n, 
showing the nail- 
like a})])earanee ; 
ten days’ growth. 
Natural size. 
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Fjc. 70. - - Friedliinder's }ineuinol>aeillusd 
fro]n a yming e.vilturi' on agar, showing 
.some rod-sha|)ed forms. 

.Stained with tldonin-ldue. x 1000. 


granular a})|)earancc, so that the wliole reseml)les a white round- 
lieadwl nail driven into the gelatin (Fig. 69). Hence the name 

^ The apparent size of this organism, on aeeount of the nature of its sheath, 
varies mueh according to the stain used. If stained with a strong stain, e.g. 
carbol-fuclisin, its thickness appears nearly twice as great as is shown in the 
figure. 
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“nail -like” which has been applied. Occasionally bubbles of 
gas develop along the line of growth. There is no liquefaction 
of the medium. On slo[)ed aijar it forms a very white growth 
with a shiny lustre, which, when touched with a i)latininn needle, 
is found to ])e of a viscous consistence, in cultui'es much longer 
rods are formed than in the tissues of tlie body (Fig. 70). On 
the surface of potMom it forms an abundant moist white layer. 
Eriedlander’s bacillus has active fermenting powders oii sugars, 
though varieties isolated by ditlerent observers vary in th('- degree 
in wliich such powers are possessed. It always seems cai)able 
of acting on dextrose, lactose, maltose, dextrin, and inaniiite, and 
sometimes also on glycerin. The substances produced by the 
fermentation vai'y with the sugar fermented, but include etliylic 
alcoliol, acetic acid, hevolactic acid, suc(;iuic acid, along with 
hydrogen and carbonic acid gas. Tlie amount of acid produced 
from lactose seems only exceq)tionally sutiicient to cause coagula- 
tion of milk, it is siud by some tliat this bacillus is ickmtical 
with an organism common in sour milk, and also a normal 
inliabitant of the human intestine, viz, the bacterium lactis 
au’ogenes of Escherich. 

The Occurrence of the Pneumobacteria in Pneumonia and 
other Conditions. — Capsulated organisms have beim found in 
every variety of tlie disease— in acute croupous ]meiimoiiia, in 
broncho-i)iieumonia, in sei)tic jmeumonia. In the gieat majority 
of these it is Fraeukers jmeumococcus which both microscopic- 
ally and culturally has bemi found to be })resent. i'ric'dliinder’s 
pneuniobacillus occurs in only about 5 }»C‘r cent of tlie cases. It 
may be present alone or associated with Fraenkel’s organism, in 
a case of crou])OUs pneumoiua the pneumococci are found all 
through the atiected area in the lung, especially in the exudation 
in tlie aii'-cells. They also occur in the iileural exudation and 
effusion, and in the lym})hatics of the lung. The greatest numlier 
are found in the parts where the iidlammatory [)rocess is most 
recent, c.//. in an area of acute congc'stion in a case of croupous 
pneumonia, and therefore such jiarts are preferably to be selected 
for micros(*opic examination, and as the source of cultures. Home- 
times there occur in pneumonic consolidation areas of siqtpura- 
tive softening, wliich may spread diffusely. In sucli areas the 
pneumococci occur with or without ordinary jiyogenic organisms, 
streptococci being the commonest concomitants. In other cases, 
especially when tlie condition is secondary to inlluenza, gangrene 
may supervene and lead to destruction of large })ortions of the 
lung. In these a great variety of bacteria, both aerobes and 
anaerobes, are to be found. 
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In ordinary bronclio- pneumonias also Fraenkel’s pneumo- 
coccus is usually present, sometimes along with pyogenic cocci ; 
in the bronclio-pneumonias secondary to diphtheria it may be 
accompanied by tlie diphtheria bacillus, and also by pyogenic 
cocci ; in typhoid pneumonias the typhoid bacillus or the b. coli 
may be alone present or b(‘. accom])anied by the i)neumococcus, 
and in influenza pneumonias the influenza bacillus may occur. 
In sei)tic ])neiinionias the i>yogenic cocci in many cases are the 
only organisms discoverable, Imt the pneumococcus may also be 
present. Espc'.cially important, as we shall see, from the i)oint 
of view of the etiology of the disease, is the occurrence in other 
parts of the body of pathological conditions associated with tlie 
presence of the pneumococcus. By direct extension to neigh- 
bouring })artsemi)ycma, })ericarditis, ami lymjJiatic enlargements 
in the mediastinum and neck may take place ; in the first the 
pneumococcus may occur either alone oi- with pyogenic cocci. 
But distant ])arts maybe affected, and the pneumocmams maybe 
found in sup])urations and inflammations in various parts of the 
body (subcutaneous tissue, ]»eritoncum, joints, kidneys, liver, etc.), 
in otitis im^dia, ulcerative endoc,arditis (p. 18iS), and meningitis. 
These conditions may take place either as complications of 
pneumonia, or tlie.y may constitute the i)rimary disease. The 
occurrence of meningitis is of special im})ortance, for next to the 
lungs the meninges ai)pear to l)e the parts most lial)le to attack 
l)y the pneumococcus. A large numl>or of cases liave been 
investigated liy Netter, wlio gives the following tables of the 
relative frequency of the primary infections by the juieumococcus 
in man : — 

(1) 111 adults-- 

Pneumonia 
Broil cl 10 -] )n eiinionia \ 

Ca| )i 1 1 ary 1 jronchi ti s J 
Meningitis 
Enqiyenia 
Otitis 

Endocarditis . 

Liver abscess , 

(2) In cliildren 4f) cases were investigated. In 29 the primary alfection 
was otitis media, in 12 broncho-pneumonia, in 2 meningitis, in 1 
pneumonia, in 1 ])leurisy, in 1 pericarditis. 

Thus in children the primary source of infection is in a great 
many cases an otitis media, and Netter concludes that infection 
takes place in such conditions from the nasal cavities. 

As bearing on tlie occurrence of pneumococcal infections 


05*95 per cent 
15-85 „ 

18 -00 
8*58 
2*44 
1*22 

1*22 „ 
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secondary to such a local lesion as pneimioiiia, it is important to 
note that in a large i>roportion of cases of the latter disease the 
pneumococcus can he isolated from the blood. 

Experimental Inoculation. — The pimanorocms of hraenkel is 
pathogenic to various animals, thougli tiie eiiects vary somewhat 
with tlie virulence of the race used. Th(' susceptibility of 
different species, as Camaleia has shown, varies to a (‘onsideral)le 



Fki. 71 . — Ca{)sulatc(l })iuniii)Ococi‘,i in ])loo(l taken from tlie lieart of a 
rabbit, dead after iiioeulatioii witb |)iie.iinif)iiic sputum. 

Dried lilm, fixed wiili corrosive siddimate. iStaiued with (•arbol-fiiehsiii and 
partly decolorised. xlOOO. 


extent. The rabbit, and especially the mouse, are very sus- 
ceptible ; the guinea-pig, the rat, the dog, and the slieei) 
occupy an intermediate i)osition ; the pigeon is iniinime. In 
the more susceptible animals the general ty|)e of the disease 
produced is not ])neumonia, but a general sqdmmiuL Thus, if 
a rabbit or a mouse be injected subcutaneously witli ])noiimonic 
sputum, or with a scraping from a pneumonic lung, death 
occurs in from twenty-four to forty-eight hours. There is some 
fibrinous infiltration at the point of inoculation, the spleen is 
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often enlarged and firm, and the blood contains capsulated 
pneumococci in large numbers (Fig. 71). If the seat of inocula- 
tion be in the lung, there generally results pleuritic eftusion on 
both sides, and in the lung there may be a process somewhat 
resembling tlie early stage of acate croupous pneumonia in man. 
There are often also pericarditis and enlargement of spleen. 
We have ah-eady stated that cultures of the pneumococci on 
artificial media in a few days begin to lose their virulence. 
Now, if sucli a l>artly attenuated culture be injected sub- 
cutaneously into a ral)bit, tliere is greater local reaction ; 
pneumonia, with exudation of lymph on the surface of the 
pleura, and a similar condition in the peritoneum, may occur. 
In sheep greater immunity is marked by the occurrence, after 
subcutaneous inoculation, of an enormous local scro-fibrinous 
exudation, and by the fact that few pneumococci are found in 
the blood stream. Intra- pulmonary injection in sheep is 
follow(Hl by a typical pneumonia, which is generally fatal. The 
dog is still more immune; in it also intra-pul mo nary injection is 
followed l>y a fibi'inoiis [)neumonia, which is only sometimes 
fatal. Inoculation by iidialation a[»}>ears only to have been 
performed in the susceptible mouse and ral)bit ; here also 
se [ )t icam da resul ted . 

Th(^ general conclusion to be drawn from these exjterirnents 
thus is that in highly susceptible animals virulent pneumociocci 
produce a geneial septicjcmia ; whereas in more immune spe(;ies 
there is an aciib! local reaction at tin; ]K)int of inoculation, and 
if the latter l)e in tin; lung, then there may result pneumonia, 
which, of course, is mei'cly a local acute inflammation occurring 
in a s|)ecial tissue, but identical in essential ])atlK)logy with an 
inflammatory reaction in any other part of the l)ody. When a 
dose of pneumococci sufficient to kill a rabbit is injected sub- 
cutaneously in the human subject, it gives rise to a local inflam- 
matory swelling with redness and slight ruse of temperature, all 
of which pass off in a few^ days. It is therefore justifiable to 
su[)pose that man occui)ies an intermediate place in the scale of 
susceptibility, probably between the dog and tlie sheep, and 
that when the pneumococcus gains an entrance to Ids lungs, tlie 
local reaction in the form of pneumonia occurs. In tliis con- 
nection the occurrence of manifestations of general infection 
associated with, pneumonia in man is of the highest import- 
ance. We have seen that meningitis and other inhaminations 
are not very rare complications of the disease, and such cases 
form a link connecting the local disease in the human subject 
with the general septicaemic processes which may be produced 
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artificially in the more suscej)tible representatives of the lower 
animals. 

A fact which at first appeared rather to militate against the 
pneumococcus bcung tlie cause of pneumonia was the discovery 
of this organism in the saliva of hcaltliy men. This fact was 
early pointed out by Pasteur, and also by Fraenkel, and the 
observation has been confirmed by many otlier ol)servers. It 
can certainly be isolated from the mouths of a consideralde 
proportion of normal men, from their nasal cavities, etc., being 
probably in any particular individual more numerous at some 
times than at others, and sometimes being entirely absent. 
This can be |)roved, of course, by inoculation of suscc[)til)le 
animals. Such a fact, however, only indicates the importance 
of predisposing causes in the etiology of the diseasi^, and it is 
further to be observed that we ha,ve con*es]»on(ling facts in the 
case of the diseases caused by pyogenic staj)hylococci, streptococci, 
the bacillus coli, etc. It is jn'obalde tlnit by various causes the 
vitality and ])ower of resistance of the lung are diminished, and 
that then the iJiKuimococcus gains an (‘utraiice, ]ji relation to 
this possibility we have the very striking facts that in the 
irregular forms of pneumonia, secondary to such conditions as 
typlioid and dij)htheria, the pneumococcus is very frecpicntly 
l)resent, alone or with other oi-ganisms. A])])arently the effects 
produced by such bacteria as the b. tyj/hosiis and tlie 1). 
diphtheihe can devitalise the lung to such an extent that 
secondary infection by the ])neumococcus is moi'e likely to occur 
and set up pneumonia. We can therefore understand how 
much less definite devitalising agents such as cold, alcoholic 
excess, etc., can ])lay an imiK)rtant part in the causation of 
pneumonia. In this way also other al)normal conditions of tlie 
respiratory tract, a sliglit bronchitis, etc., may play a similar 
part. 

It is more difticidt to exi)lain why sometimes the pneumo- 
coccus is associated with a spreading infiamniation, as in croupous 
pneumonia, whilst at other times it is localised to the catarrhal 
patches in broncho-] meiimonia. It is quite likely that in the 
former condition the organism is possessed of a diliercnt order 
of virulence, though of this we have no direct |»roof. We have, 
however, a closely analogous fact in the case of erysipelas ; this 
disease, we have stated reasons for believing, is produced by a 
streptococcus whicli, wlien less virulent, causes only local 
inflammatory and suppurative conditions. 

Summary . — We may accordingly summarise the facts re- 
garding the relation of FraenkeTs [meumococcus to the disease 
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by saying that it can be isolated from nearly all cases of acute 
croupous pneumonia, and also from a considerable proportion 
of other forms of pneumonia. When injected into the lungs of 
moderately insusceptible animals it gives rise to pneumonia. If, 
in default of the crucial experiment of intra-pulmonary injection 
in the human subject, We take into account the facts we have 
discussed, we are justified in holding that it is the chief factor in 
causing croupous ]m(mmonia, and also i)lays an. imy)ortant part 
in other forms. Pneumonia, in the widest sense of the term, is, 
however, not a specific aftection, and various inflammatory con- 
ditions in tlie lungs can be set up by the different pyogenic 
organisms, by the bacilli of diphtheria, of influenza, etc. 

Tlie ])ossil)iiity of Friedliinder’s pnnmmhacillus liaving an 
etiological I'clationshi}) to imeumonia has l)een much disputed. 
Its discoverei’ found that it was pathogenic towards mice and 
guinea-j)igs, and to a less extent towards dogs, llabbits apj>eared 
to be immune. The type of the disease was of the nature of a 
S(‘ptic;emia. No extended experiments, such as those ])erformed 
by ( himalcia with Fi'aenkers cjoccus, have been dom% and there- 
fore we cannot say wliether any similar ])iicumonic effects are 
[>roduced by it in partly sus(‘e|)tible animals. Idle organism 
appears to be [►resent alone in a small numlcer of cases of 
[►neumonia, and the fact that it also a])])ears to have boon the 
only organism ])resent in (.•ertain se|>tic<emic com[>lications of 
[►nciumonia, sucli as em)>yema and mc'ningitis, i-ender it possible 
that it may be the clausal agent in a few cases of the disease. 

In the septic [>neumonias tlie different [lyogenic organisms 
already described arc found, and sometimes in ordinary 
[rneumonias, es])ccially the catarrlial forms, other organisms, 
such as the b. coli cjr its allies, maybe tho causal agents. 

The Pathology of Pneumococcus Infection. — The effects of 
the action of the [meumocoexus, at any rate in a relatively 
insuscc}) tilde animal such as man, seem to indicate that toxins 
must [)lay an im[)ortant part. Pneumonia is a disease which 
presents in many res[)ects the characters of an acute [loisoning. 
In very few cases does cleatli take [dace from the functions of 
the lungs being interfered with to sucli an extent as to cause 
as[)liyxia. It is from cardiac failure, from grave interference 
with the heat- regulating mechanism, and from general nervous 
depression that death usually results. These considerations, 
taken in connection with the fact that in man the organisms are 
found in the greatest numbers in the lung, suggest that a toxic 
action is at work. Various attempts have been made to isolate 
toxins from cultures of the pneumococcus, e.g. by precipitating 
14 • 
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bouillon cultures with alcohol or aminoniuin sul})hate, and 
poisonous effects have been produced by certain substances thus 
derived ; but tlie effects produced are, as in so many other 
similar cases, of a non-specific character and to ])e classed as 
interferences with general jnetabolisni. Tlie general (‘oncliision 
has been that the toxins at work in pneumonia are intracellular ; 
but no special light lias berm thrown on the common effects of 
the members of this grouj) of bacterial poisons. 

/wcyn/ocnsnimn. agalnM iht /h?c?///n>corc?/x.- Animals can b(5 
immunised against the jmeuniococcus by inoculation with 
cultures which have become attenuated by growth on artificial 
media, or witli the naturjilly attenuated cocci which occur in the 
sputum after the crisis of the disease. Netter (effected immun- 
isation by injecting an emulsion of the dried s))leen of an animal 
dead of pneumococcus septicannia. Viiailcnt culturi's killed liy 
heating at G2' C,, rusty sputum ke])t at GlP C. for one to two 
hours and then filtered, and filtered or untiltered bouillon 
cultures similarly treated liave also lieen used. In all cast's one 
or two injections, at intervals of several days, are snfllcient for 
immunisation, but the immunity has often been obseiaed to 
be of a lletding character and may not hist more than a fc'W 
weeks. The serum of such immunised animals protects lubbits 
against subset juent inoculation witli pneumococci, and if injtated 
within twenty-four liours aJ’ter inoculation, piuYtmts death, A 
protective seiiim was obtained liy AVashlxuirn, who emitloyed 
pneumococcus cultures of constant virulenc(>. This obsf'rvci* 
immunised a pony by using successively (1) broth cultures killed 
by one hour’s exposure to G(T (t ; (2) living agar culturt's ; (G) 
living broth cultur(‘S. From this animal there was (»btaim'(l a 
serum which jU’otected siiscetttible animals against maiiv times 
an otherwi.se fatal dose, and which also had a, limitt'd curative 
action. It is stated that the serum of patients vho have 
recovered from pneumonia has in a certain proixulion of cases 
a protective effect against the jmenmococcus in rabbits, similar 
to that exhibited by the serum of immune animals. 

The Klein jierers treated a certain number of cas(;s of human 
pneumonia by serum derived from immune animals, and apj»ar- 
ently with a certain measure of success, and sera ju'i'jiared by 
Washbourn and liy others have also been used. The results 
obtained by different obsmwers have, however, been ratlier con- 
tradictory. The use of tlu?se sera apparently causes the tempera- 
ture in some cases to fall, and even may hastmi a crisis l)ut 
further experience is necessary before their value in therapiaitics 
can be jiroperly estimated. 
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There has been considerable difference of opinion as to the 
explanations to be given of the facts observed regarding 
immunisation against the pneumococcus and especially regarding 
the properties of immune sera. At first these sera were supi)Osed 
to ])ossess antitoxic fjualities -largely on the ground that no 
ba(‘teri(‘i(lal effect was produced by them on the bacterium in 
vitro. As no s|KH‘itic toxin has been proved to be concerned in 
the action of the organism the develo[)ment of an antitoxin 
during immunisation must, in the |»resent state of knowledge, 
be looked on as not ycd i)roved. 'JV) ex})laiii tlie action of a 
serum in })reventing and curing pneumococcal infections, it 
has been thought to have the complex character seen in anti- 
ty[)hoid sera in which two substances— immune l>ody and com- 
plement (see Immunity) —are concerned, and the varialjility in 
the therapeiiti(^ results ol)tain(‘d lias been accounted for on 
the view tliat there might be a dciiciency of com])lement, such 
as occurs in other similar cases. The absence of bactericidal 
effect, however, raises several dillicult point.s. It is stated tliat 
no such effect is observabI(‘ eiiher in immune sera, or in tlie 
serum of patients who liave sm'cessfully come through an attack 
of the natural diseas(\ Some effect of the kind would be ex- 
pected to be juvsent if the anti-pmuimonic serum were (juite 
compara]»le to the antityphoid serum. Within recent times 
many liavo tui’ia'd to the opsonic projundy of sera to account 
for the facts observed. In this connection Mennes observed 
tliat normal hnicocytes only become ])liagocytic towards |meumo- 
cocci wIh'ii they are lying in the serum of an animal immunised 
against this Inicterium. Wright had in Ids early pa|)ers looked to 
the ])hagocytosis ()f sensitised bacteria to explain their destruction 
in the al)sen(:e of bactmicidal (jualities in the scrum alone, and 
Neufeld and llimpau have dcs(!ribed the occurrence of an opsonic 
effect in tlie action of an anti-jmeumococcic serum. Further 
Avork may show that along these lines lies the ex[>lanation of the 
facts observed. 

In studying furtlier the relationship of the opsonic effect to 
imeumocoiM'al infection, inquiry has been directed to the ojisonic 
qualities of tlie lilood of pneumonic patients, especially with a 
view to throwing light on the nature of the febrile crisis. 
According to some results the opsonic index as compared with 
that of a healthy person is not above normal, but if tlie possible 
pliagocytic capacities of the whole blood of the sick jierson be 
taken into account these will proliably lie much above normal in 
consequence of the leucocytosis which usually accompanies a 
successful resistance to this infection. It has been observed, 
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however, that as the crisis approaches in a case which is to 
recover the opsonic index rises, and after defervescence gradually 
falls to normal. And further, as bearing on the factors in- 
volved in the successful resistance of the organism to the 
pneumococcus, it has been noted that avirulent pneumococci are 
more readily opsonised than more viriiJent strains. Further 
observations along such lines are to l)e looked for with interest, 
and it may be said that WrighFs vaccination methods have been 
applied to the treatment of pneumonia cases, and in certain 
instances are said to have been followed by favoui’able result. 
It may be noted here, in conclusion, that in man it is ])robable 
that inimunity against pneumonia may l)e sliort-lived, as in a 
good many cases of pneumonia a history of a previous attack is 
elicited. 

A(j[)lulinaikm of the l^neumocoeciis.-- -If a, small amount of a 
culture of Fnienkers pneumococcus be ] Faced in an ajiti-pneiimo- 
coccic serum, an aggregation of the bacteria into clumps occurs. 
Such an agglutination, as it is called, is fiaujuently obscaa’cd 
under similar circumstances with other Ictctei’ia. The pheno 
menon is not invariably associated with the ])i'(‘st‘nce of |irot(‘ctive 
bodies in a serum, but it lias l>een used for diagnostic }tnrpos('s 
in the ditferentiation of sore throats dii(‘ to pticaniiococcus 
infection from those due to otlu'r bacteria. Whether the method 
is relial)le has still to ho ju-oved. 

Methods of Examination.— These have l)(H!n already 
described, but may b(‘ summarised thus: (1) ^Tieroscopic. 
Stain films from the densest j>art of the s}iiituiii or from 
the area of spreading inflammation in the lung by (Irani’s 
method and by carbol-fuchsin, etc. (])[>. 9t), 101), in the latter 
case without decolorising the ground \voi‘k of tin* [)ieparation. 

(2) lly cultures, (u) ,/Vocy//rc/’.s 7 /a(a/v/fomva/.^'. Wbth similar 
material make successive strokes cm agar, lilood agar, or blood 
serum. The most certain method, liowevi'r, is to inject some 
of the material containing the suspected cocci into a, rabbit. If 
the pneumococcus be |)resent the animal Avill die, usually Avithin 
forty-eight hours, with numerous capsiilated pneumococci in its 
heart blood. "With the latter inoculate tul)es of the above media 
and observe the growtli. In some cases of severe pneiimococcic 
infection the organism may be cultivated from the blood olitained 
by venesection (p. G8). (h) FriedUM pfieumohacitim can 

be readily isolated either by ordinary gelatin plates or by 
successive strokes on agar media. 
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Epidemic Cerebro-Spinal Meningitis. 


As the result of observations on this disease in different parts 
of the world, it has been now established that the causal agent 
is the diplocvariis iritmcdkilaris rneningitidis first described by 
Weichsclliautn. This organism is a small coccus measuring 
about 1 /X in diameter and usually occurs in pairs, the adjacent 
sides being somewhat flattened against eacli other. In most 
eases the e(x;ci are chiefiy contained within })olymorphonuclear 
leucocytes in the exudation (Fig. 72); in some cases, however, 
tlie majority may be 
lying free. It stains 
readily with basic anilim^ 
dyes, but loses the stain 
in Gram’s method, the 
readiness with wliich the 
organism decolorises 
varying with difi'erent 
strains, llotli in ap]iear- 
ance atid in its staiidng 
reactions it is sujjerfici- 
ally similar to the gono- 
coccus (e/dc iiifra). The 
organism can remlily be 
(•ultivated outside the 



body, but tlu' conditions 
of growth are somewhat 
restricted — agar with an 
admixture of serum or 
blood (iireft'rably human) 
is most suitable. ^ Strains 


Fig. 72. — Film pivjiaratioa of xiulat ion from 
a case* of mcuiiii^ntis, .sliowiu; the diplococei 
within leucocytes. 

Stained with carbol-thionin-hlue. x 1000. 


se])arated in different epidemics appear to present slight in- 
dividual variations, l)ut the following description may be taken 
as summing uj> the common characters. Growth takes place 
best at the tem|)eiature of the body, and ])ractically ceases 
at 25’ 0. On serum agar the (‘olouies are circular discs of 
almost trans|)arent appcaraiu'c and jxtssessing a smooth shining 
surface ; they have little tendency to become confiuent. When 
examined under a low magnification the colour is seen to be 


somewhat yellowish and the margins usually are smooth and 


^ A very good medium is one composed of 1 part of ascitic fluid and 6 
parts of 1 per cent glucose agar ; the serum obtained ascptically is added to 
the agar in the melted state at 45“^ C. and the tubes are tested as regards 
sterility by incubation. 
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canal marked congestion and inflammatory cliange in the 
nasal mucous membrane followed, and in this position he was 
able to find a Gram-negative dii)lococcus ; he was, however, 
unable to recover the diplococcus intracellularis in culture from 
this situation. These results would seem to indicate that the 
organism might s])read from the brain to the nasal cavity, but if 
this be so, it also follows that an extension may take i)lace in 
the reverse direction. On the whole the evidence at present 
tends to show that the entrance of the organism into tlie body 
is by the naso-pharynx, and that this usually i-esults by 
inhalation of the organism distributed in fine ])articles of 
expectoration, etc. In fact, as regards the mode and conditions 
of infection, an analogy would a])pcar to hold between this 
disease and influenza. 

Apart from the epidemic form of the disease, cases of sporadic 
nature also occur, in which the lesions are of the same nature, 
and in which the di|)iococcus intracellularis is |)resent. The 
facts stated would indicate that the origin and spread of the 
disease in the epidemic form depend on ccilain conditions which 
produce an increased virulence of the organism. AVe are, however, 
as yet entirely ignorant as to what these conditions may be. In 
simple posterior Itasal meningitis in children, a di])loc()ccus is 
present, as described by Still, which has the same microscojuc 
and cultural characters as the dij »lococcus intracellulai’is ; it has 
been regarded as probably an attenuated variety of the latt('i'. 
Recently, however, Houston and Rankin have found that the 
serum of a })atient suffering from c]>idemic meningitis does not 
exert the same o})Sonic and agglutinative effects on the diplococcus 
of basal meningitis as on the dijdococcus intracellularis ; and 
this result points to the two organisms being distinct, though 
closely allied, species. 

An agglutination reaction towaixls the diplococcus intracasllu- 
laris is given by the serum of i)atients suflering from the disease, 
where life is ])rolongcd for a sufficient length of time, but the 
degree of the reaction does not ])ossess much clinical significance. 
It usually appears about the fourth day, when tlie serum may 
give a positive reaction in a dilution of 1 : bO ; at a hiter stage 
it has been observed in so great a dilution as 1 : 1000. Then' is 
thus no doubt that anti-substances are })ro(liiced in epidemic 
meningitis as in other diseases, and this is aho found to })(; tlie 
case on inoculation of animals with pure cultures. Atteiiijits 
had been made to obtain an anti-serum, and a certain measure of 
success has been obtained so far as ex[)erimental results are 
concerned. Flexner obtained such a serum from a goat, and 
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found that it had a certain protective effect in guinea-pigs and 
monkeys against infection by the organism, but, on the whole, 
better results were obtained with the serum of inoculated 
monkeys. As yet no important ajjplications towards the 
treatment of the disease have been effected. 

In the nasal cavity there occur other dijdococci which have a 
close resemblance to the diplococcus intracellularis. These occur 
in the healthy state but are especially abundant in catarrhal 
conditions ; of these the' diplococcus cdinrrhalis has the closest 
resemblance to the di]>lococcus intracellularis. In addition to 
occurring in health this organism has also been found in large 
nnml)ers in ejiidemic catarrh. Its microscopic ap])earances are 
jn’actically similar to those described above, and it also occurs 
within leucocytes. Its colonies on s('rum agar are more opaque 
than those of the dijtlococcus intracellularis, and they have a 
tough consistence, so that they are sometimes rcjiioved en masse 
by till' ])]atinuni needle. The organism grows on gelatin at 
20 C. without liijuefying the medium, and it has none of the 
fermentati^•e j)ro[)erties described above as belonging to the 
di}>lococeus intracellularis. Other species of Gram - negative 
micrococci liave also been isolated, and a (Irain-pusitive diplo- 
coccus called the dljdocorcus crassus is of common occurrence : 
this orgaiiisin is rather larger than the di}ilococcus intracellularis, 
and especiidly in sub-cultures may tend to assume staphylo- 
coccal forms. It is tlius ('vident that the nasal cavity is the 
conmioii liabitat for a mind ter itf closely allied diplococci, and 
that the identification of any suspected organism as the di})lo- 
coccus intracellularis can only be effected by cultivation tests. 

Ajtai’t from the epidemic form of the disease, meningitis may 
be ttroduced by almost, any of the organisms descrilted in the 
Itrevious chai>ter, as associated with inflammatory conditions. 
A citnsideraitle number of cases, (‘specially in children, are due 
to the pneumococcus. In many instances where no other lesions 
are present th(‘ extension is by the luistachian tube to the middle 
ear. In otlier cases the path of infection is from some other 
lesion l>y means of the blood stream. This organism also infects 
the meninges not infrequently in lobar jmeumonia, and in some 
cases with head sym[»toms we have found it [iresent wliere there 
was merely a condition of congestion. Tlie jnieumobacillus also 
has been found in a few’ cases. Meningitis is not infrequently 
produced by stre[>tococci, especially when "middle ear disease is 
present, less freipiently liy one of the stapliylococci ; occasionally 
more than one organism may be concerned. In meningitis 
following intluenza the intiuenza bacillus has been found in a 
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cells, but when it becomes purulent the large proportion within 
leucocytes is a very striking feature. In the leucocytes they lie 
within the protoi)lasm, especially superhcially, and are often so 

nunieroiis that the leuco- 
cytes api)ear to be tilled 
with them, and their nuclei 
ai'e obscnnHl. As the dis- 
ease becomes more cl ironic, 
the gonococci gradnally 
become diminished in 
number, though even in 
long-standing cases the}' 
may still be found in (;on- 
sideralile numbers. Tliey 
ai'c also present in the 
purulent secretion of gon- 
orrlueal conjunctivitis, also 
in \arious parts of tlie 
female genital organs wlien 
these ])a]-ts are thi' seat of 
ti-ue gonorrlneal infection, 
and tliey have been found 
in some cases in the second- 
ary infections of the joints in the disease, as will be; described 
below. 

Stainivij . — The gonococcus stains I'cadily and dee[)ly with a 
watery solution of any of the basic aniline dyes — methyleiK'-blue, 
fuchsiii, etc. It is, however, easily de(‘olorised, and it comj)h'tely 
loses the stain by Gram’s method — an im[)ortant iioint in th(‘ 
microscot)ical exam i nation. 

Cultivation of the Gonococcus.- This is attended with some 
difficulty, as the suitable media and conditions of growth ari' 
somewffiat restricted. The most suitable media are solidified 
blood serum (especially human serum and raid tit’s serum), 
“blood agar,” and Wertheinrs medium, which consists of one 
part of fluid serum added to two [tarts of bijuetied ugar at a 
temperature of 40“ C. and then allow^ed to sididify Ijy cooling. 
The serum may be obtained from tlie Itlood of tlie human 
placenta ; [tleuritic or other effusion may also be used. 
Growth takes [tlace best at the temperature of the body, and 
ceases altogether at 25“ C. Cultures are obtained liy takimr 
some pus on the loop of the platinum needle and inoculatim'’ 
one of the media mentioned by leaving minute quantities here 
and there on the surface. The medium may be used either as 



Fn;. 7 :1.- Fortioii oi' lilin of gonori-liu-al ])ns, 

showing the cliaracteristic urrangwnieul 
of the goiioeoeci within leneocytes. 
fst.'iined with fuehsin. x ibuO. 
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ordinary “sloped tubes” or as a thin layer in a Petri’s capsule. 
The young colonies arc visible within forty-eight hours, and often 
within twenty-four hours. They appear around the points of 
inoculation as sm;dl seini-trans[)arent discs of irregularly rounded 
shaj)e, the niargin being undulated and sonietiines sliowing small 
processes. The colonies vary somewhat in size and tend to 
remain more or less separate. They generally reach their 
maximum size on tlu' fourth or fifth day, and are usually found 
to be dead on the ninth day, sometimes earlier. ()n the 
mediuin of Wertheim the period of active growth and the 
duration of life arc; some- 


Avhat longer. Even if 
imjmi'ities are i)resent, pun* 
sulecultures can generally 
be obtained by the abo\e 
method from colonies of 
the gono(^( (ecus which may 
be lying sepaiiite. In the 
('ai’lv stage of the disease *• 
the organism is present in 
the male urethra in prac- 
tically pure condition, and 
if tlie meatus of the urethra 
be sterilised by washing 
with W('<d^ solution of c(U'- 
1-osive sublimate ami then 



with absolute alcoliol, and 
thematerial for inoculation 
be express('d fi-om the 
deeper part of the urethiu, 
ciiltui’es may (tfteii be ob- 


Fi 7c. GtHHHMH'ci, from a culture 

on M.iod npir of twenty -four hours’ 
yu-owlh. Some already are liegiiiuing to 
show thi' swollen ugjicaraiicc common in 
(dd<.'r rndturcs. 

Stained with carliol-tliiouin-hluc. x 1000. 


iaitu'd which are pure 

from tlie first. Py suc(‘essive sulecultures at short intervals, 
growth may be maintained indetinitely, and the organism 
gradually tloiirislu's mor(‘ luxuriantly. In culttire the organisms 
have similar microscojdc characters to tho.se descrilted (big. To), 
but show a, remarkable ttmdency t(' undergo degeneration, 
becoming swollen ;ind of various size.s, and staining very 
irregularly. Degenerated forms are .seen even on the second 
day, whilst in a culture four or live days old coni} >a rati vely few 
normal cocci may lie found. The less suitable the medium the 


more i‘a|)idly does degeneration take place. 

(-)n ordinary agar and on glycerin agar growth does not take 
l)lace, or is so slight that tliese media are (piite unsuitable for 
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purposes of culture. The organism does not grow on gelatin,^ 
potato, etc. 

Plak-Gulture.s.--^\\Q. following ingenious nielhod of plate-eulture was 
introduced by AVertheiin for the culture of the gonococcus. Tlic nicdium 
of culture is a mixture of human blood serum and of ordinary agar (2 
per cent) in equal parts. The serum, in a fluid and sterile condition, is 
put in suitable quantities into two or three test tubes and brought to a 
temperature of 40° C. These are tlioii successively inoculated with the 
pus or other material in the same manner as gelatin tubes fur ordinary 
plates {vide |). 52). To each tube is added an equal pai't of ordinary 
agar which has been thoroughly liquefied by healing and allowed to 
cool also to 40'' 0. The mixture! is then thoroughly slinken u}) and 
quickly })oured out on a })late or Tetri’s disli and allowed to solidify, 
the plat(!S being then incubated at a t(‘mperature of 37° T. The colonies 
of the gonococcus are just visihh! iii twenty-four liours, and are seen 
both in tlie substan(!e of the medium and on the surliK!!'. The deep 
colonies when examined wdth a hois are miiiule and slightly nodulated 
spheres, sometimes showing little processes, whilst t]ios(i on tin' surface 
are thin discs of largi'.r diameter with wavy margin and ratluii' diirker 
centre. In this way the gonococcus may he sejmrated from fluids which 
are contaminated wdth a considerable number of ot her organisms. 

Relations to the Disease. — Tlie gonococcus is invariably 
])resent in the urethral discliarge in g<nK>ri'h(ea, and also in 
other ])arts of the genital tract wlum these. a,i-e the seat of true 
goriorrh(eal infection. Its presence in th(‘8e different positions 
has been demonstrated not only by iniero.seopi(! c'xaini nation 
but also by culture. From the de.scrijdioii of the eouditious of 
growth in e.ulture, it will be sei'ii tlnit a life outside the body 
in natural conditions is [iractically iiu[K)Ssiblc — a statement 
which corresponds with the clinical fact that the disease is 
always transmitted directly by contagion. Inoculations of pure 
cultures on the uretlira of lower animals, and even of aj»es, is 
followed by no effect, but a similar statement can be made witli 
regard to inoculations of gonoiTlneal pus itself. In fact, 
hitherto it has been found impossil»le tonqu’oduce tlie disinise by 
any means in tlie lower animals. On a considerable number of 
occasions inoculations of [uirc cultures have lieen made on the 
human urethra, both in the male and feniah', and the disease, 
with all its characteristic syin].)tonjs, has resulted. (8neh 
experiments have been performed inde{)endently by Ihiinin, 
8teinschneider, Wertlieim, and others.) The eansal ix'lationshii) 
of the organism to the disease has therefori' lieen {;om])]i!te!y 

^ Turro has amioimced tliat lie lias cultivated the }.;o]U)co(:cus on acid 
gelatin, i.e. ordinary peptone gelatin whieh has not lieen neutralis(Ml. We 
have failed to obtain any growth of the gonoeocciis on this niediiini even 
when inoculation was made from a vigorous growth on blood agar. 
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established, and it is interesting to note how the conditions of 
growth and the patljogenic effects of the organism agree with 
the charactei's of tlie natural disease. 

Iiitraperitoneal injections of pure cultures of tlie gonococcus in wliite 
luice produce a localist'-d peritonitis witJi a small amount of suppuration, 
tlio organisms being found in large numbers in tlie Icucocyti^s (Wertheim). 
They also penetrate the })eritone.al lining and are found in the sub- 
cndotbelial connective tissue, Imt they appear to have little power of 
lU’olifcriition, tlu^y soon disappear, and the inflammatory condition does 
not sjiread. Injection of pure cultures into the joints of rabbits, dogs, 
;ind guinca-]>igs causes an acute inllammation, which, however, soon 
subsides, whilst the gonococci rajudly die out ; a practically similar 
result is obtained when dead cultures are used. These cx})eriments show 
that while tlie organism, when present in large numbers, can produce a 
certain amount of inflammatory change in these animals, it has little or 
no [towisr of multiplying and spreading in their tissues. 

Toxin of the Gonococcus. —Dc (Jhri^tmas cultivated the gonococcus in 
a, mixture of one jnirt of a.scitic fluid and threi! ]>arts of bouillon, and 
has Couiid thadthe fluid after twelve days’ growth has toxic properties. 
At this jteriod all the organisms are dead ; such a fluid constitutes the 
“ foxin.” The toxic substances are precipitated along with the proteids 
by alcohol, and the precipitate after being desiccated ]iossesses the toxic 
action. In young rabbits injeclion of the toxin produces supjtiiration ; 
this is well seen in the .interior chamber of the eye, where Jiyjiopyon 
results. The most interesting jtoint, however, is with regard to its 
action on mucous surfaces ; for, while in the case of animals it produces 
no elfect, its introiluct ion into the human urethra causes acute catarrh, 
attended with jiuruleut discharge. Me found that no tolerance to the 
toxin resulted after fivi! sueci'ssive injee.tions at intervals. In a more 
nu'cnt publication he points out that the toxin on intracerebral injec- 
tion lias niai'ked effects ; he also claims to have jtroduced an antitoxin, 
lie states that the toxin diffu.ses out in the culture imdium, and does 
not, merely I'esult from (iisintegra.tion of the organisms. This has, how- 
ever, been called in ipiestion by other investigators. 

Distribution in the Tissues. — The gunociaxuis having been 
thus sliown to be tlie direct cause of tlie disease, some additional 
facts may lie given I’cgarding its piresence botli in tlie [uimary 
and secondary lesions. In tlu; liuman urethra the gonococci 
pi'iieirate the mucous membrane, [lassing eliieHy between the 
ejiitlielial cells, causing a loosening and descjuamation of many 
of the lattc'i- and infiammatoiy reaction in the tissues below, 
attended with gi*eat increase of secretion. There occurs also 
a gradiudly increasing emigration of leucocytes, which take up a 
large number of the organisms. The organisms also penetrate 
the sulvjacent connective tissue, and are esjiecially found along 
witli extensive leucocytic emigration around the lacuiuc. Here 
also many are contained within leucocytes. Even, however, 
when the gonococci have disapipeared from the urethral dis- 
cliarge, they may still be present in the deeper part of the 
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mucous membrane of the urethra, possibly also in the prostate, 
and may thus be capable of producing infection. The prostatic 
secretion may sometimes be examined by making |)ressure on 
the prostate from the rectum when the patient has almost eni|)tied 
his bladder, the secretion being afterwards discharged along with 
the remaining urine. (Foiilerton.) In acute gOMOniuea there 
is often a considerable degree of inflammatory atfectioii of the 
prostate and vesicuhe seminales, but whether these conditions are 
always due to the presence of gonococci in the affeeded parts 
we have not at present the data for deterniining. A similar 
statement also ai)plies to the occurrence of orcliitis and also of 
cystitis in the early stage of gonorrheea. Gonococci have, 
however, been obtained in pure culture from peri-urethral abscess 
and from epididymitis : it is likely that the latter condition, 
when occurring in gonorrheea, is usually due to tlu^ acdiial 
presenc(i of gonococci. During the more clironic stages other 
organisms may a])pear in the urethra, aid in maintaining the 
irritation, and may produce some of tlu' secomlaty results. 
The bacillus cob, the ])yogenic cocci, etc., are often ])r(\sent, and 
may extend along the urethra to the bladder and set up cystitis, 
though in this they may bo aided Ijy the ]>assage of a catheter. 
It may be mentioned here that Wertlieim cultivated tin? 
gonococcus from a case of chronic gonorrluea of two years’ 
standing, and by inoculation on the human subject proved it to 
be still virulent. 

In the disease in the female, gomxiocci are almost invariably 
present in the urethra, the situation affected next in frequency 
being the cervix uteri. They do not ap])ear to infect the lining 
e])ithelium of tlie vagina of the adult unless some other abnormal 
condition be present, but they do so in the gojiorrlKea] vulvo- 
vaginitis of young sul)jects. They have also been found in 
suppurations in connection with P>artho]ini’s glands, and some- 
times produce an inflammatory condition of the mucous membrane 
of the l)ody of the uterus. They may also ])ass along the 
Fallopian tubes and produce inflammation of the mucous mem- 
brane there. From the pus in cases of ])yosal])inx they have 
been cultivated 'in a considerable number of cases. According 
to the results of various observers they are ])rosent in one out 
of four or five cases of this condition, usually unassociated with, 
other organisms. Further, in a large pro])ortion of the cases in 
which the gonococcus has not been found no organisms of any 
kind have been obtained from the pus, and in these cases the 
gonococci may have been once present and have subsequently 
died out. Lastly, they may pass to the peritoneum and produce 
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peritonitis, which is usually of a local character. It is chiefly to 
the methods of culture sup[)lied by Wertheini that we owe our 
extended IvTiowledge of such conditions. 

In (joHorrfuml conjunctivitis the mode in which the gonococci 
spread through the epithelium to the sul)jacent connective 
tissue is closely analogous to what obtains in the case of the 
urethra. Their relation to the leucocytes in the purulent 
secretion is also the same. Microscopic examination of the 
secretion alone in acute cases often giv(\s positive evidence, and 
pure cultures may be readily obtained on blood-agar. As the 
condition becomes more chronic the gonococci are less numerous 
and a greater j>roportion of other organisms may l)c present. 

delations to Joint Afections^ - -The relations of the goiio- 
cocc.us to the secjuche of gonorrluea form a sul)jcct of great 
interest and importance, and the ap}>lication of recent methods of 
examination shows that the organism is much more fre(.|uently 
present in such conditions than the earlier results indicated. 
The following statements may be made with regard, to them. 
First, in a considerable nund>er of cases of artln*itis following 
gonorrlKca the gonococcus has been found microscopically, and 
pur(^ cultures have been obtained, caj. b}^ Neisser, Lang, 
Bordoni-Utfreduzzi, and many others. A similar statement 
applies to inflammation of the sheaths of t(;]idons following 
gonorrluea, {Secondly, in a large proportion of cases no organ- 
isms have bet'll found. It is, however, [lossible that in a number 
of these the gonococci may have been present in the synovial 
memlirane, as it has lieen oliserved that they may be mucli more 
numei-ous in tliat situation than in file fluid. Thirdly, in some 
cases, es})ec,ially in those associated with extensive su[)puration, 
occasionally of a pyiemic nature, various pyogenic cocci liave 
been found to be present. In the instances in which the gono- 
coccus has been found in the joints, the fluid present has usually 
been described as being of a whitish-yellow tint, somewhat 
turbid, and containing shreds of fibrin-like material, sometimes 
purulent in ap|)earance. In one case Bordoni-UttVeduzzi culti- 
vated the gonococcus from a joint-afiection, and afterwards 
produced gonorrluea in tlie human subject by inoculating with 
the cultures obtained. In another case in which pleurisy was 
present along with arthritis the gonococcus was cultivated from 
the fluid in the pleural cavity. The existence of a gonorrhoeal 
endocarditis has been established by recent observations. Cases 
apparently of this nature occurring in the course of gonorrluea 
had been previously described, but the complete bacteriological 
test has now been satisfied in several instances. In one case 
15 
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Lenhartz produced gonorrhoea in the human subject by 
inoculation with the organisms obtained from the vegetations. 
That a true gonorr'hoeal septicaemia may also occur has also been 
established, cultures of the gonococcus liaving been obtained 
from the blood during life on more than one occasion (Thayer 
and Blumer, Thayer and Lazear, Ahmann). 

Methods of Diagnosis.— For microscoi)ical examination dried 
films of the sus})ected pus, etc., may be stained by any of the 
simple solutions of the basic aniline stains. We prefer methy- 
lene- or thionin-blue, as they do not overstain, and the films do 
not need to be decolorised. Staining for one minute is sufficient. 
It is also advisable to stain by Gram’s method, and it is a good 
l)lan to put at one margin of the cover-glass a small quantity of 
culture of staphylococcus aureus if available, in order to have a 
standard by which to be certain that the sup[)Osed gonococci are 
really decolorised. Regarding the value of microscopic examina- 
tion alone, we may say that the j)resence of a large number of 
micrococci in a urethral discharge having the characters, position, 
and staining reactions described above, is practically conclusive 
that the case is one of gonorrhoea. There is no other condition 
in which the sum total of the microscopical characters is present. 
We consider that it is sufficient for purposes of clinic'al diagnosis, 
and therefore of great value ; in the acute stage a diagnosis can 
thus be made earlier than by any other method. Tlie mistake 
of confusing gonorrhoea with such conditions as a urethral (diancre 
with urethritis, will also be avoided. Even in chronic cases the 
typical picture is often well maintained, and microscopic examina- 
tion alone may give a definite positive I'esult. When other organ- 
isms are ijresent, and especially when the gonococci are few in 
number, it is difficult, and in some cases im|)Ossible, to give a 
definite opinion, as a few gonococci mixed with other organisms 
cannot be recognised with certainty. This is often the condition 
in chronic gonori-li(ea in the female. Microsco})ic examination, 
therefore, though often giving })Ositive results, will sometimes be 
inconclusive. As regards lesions in other parts of the body 
microscopic examination alone is quite insufficient ; it is practi- 
cally impossible, for examj)le, to distinguisli by this means the 
gonococcus from the dijdococcus intracellulai’is of meningitis. 
Cultures alone supply the absolute test, and when the organism 
is present in an apparent condition of purity, Wertlieim’s 
medium or blood -agar should be used. If other organisms 
are present, we are practically restricted to Wertheim’s plate 
method. 
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Soft Soee. 




The bacillus of soft sore was first described by Ducrey 
in 1889, who found it in the purulent discharge from the 
ulcerated surface; and later, in 1892, Unna described its 
appearance and distribution as seen in sections through the 
sores. The statements of these observers regarding the presence 
and characters of this organism have been fully confirmed by 
other observers. 

Microscopical Characters . — The organism occurs in the form 
of minute oval rods measuring about 1 '5 p in length, and ’5 /x 
in thickness (Fig. 76). It is found mixed with other organisms 
in the purulent discharge 
from the surface, and is 
cliiefiy arranged in small 
groups or in short chains. 

When studied in sections ^p^Pr 

through the ulcer it is ' 

found in the superficial . r* 

part of the floor, but more ■ ' ^ 

deeply situated tlian other p 

organisms, and may be ^ " 

present in a state of pur- 

ity amongst the leucocytic 

infiltration. In tliis })Osi- 

tion it is usually arranged 

in chains which may be 

of considerable length, ^ 

and which arc often seen Fin. 76.— Film preparation of pus from soft 

lying in parallel rows be- chancre, sliowing Ducrey’s haeilhis, chicliy 

, ^ ,T 11 rm arranged in pairs ; stained with carhol- 

twce.i the cells. The slighti; decolorised. xldOO. 

bacilli chieny occur m 

the free condition, but occasionally a few may be contained 
within leucocytes. 

There is no doubt that in many cases tlie organism is 
present in the buboes in a state of purity ; it has been found 
there by niicroscoi)ic examination, and cultures have also been 
obtained from this source. The negative results of some 

observers are probably due to the organism having died off. 

On the whole the evidence goes to show that the ordinary 
bubo associated with soft sore is to be regarded as another lesion 
produced by Ducrey 's bacillus. Sometimes the ordinary jiyogenic 
organisms become superadded. 

This bacillus takes up the basic aniline stains fairly readily, 




✓ 


. 76. — Film preparation of pu.s from soft 
chancre, sliowing Ducrey’s bacillus, chiefly 
arranged in pairs ; stained with carhol- 
fiichsin aiul slightly decolorised, x 1500. 
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but loses tlie colour very rapidly when a decolorising agent is 
applied. Accordingly, in film preparations when deliydration 
is not required, it can be readily stained l)y most of the 
ordinary combinations, though Liiftler’s or Kiiline’s methylene- 
blue solutions are preferable, as they do not overstain. In 
sections, however, great (‘are must be takeir in the process of 
dehydration, and the aniline-oil method {icicle p. 93) should be 
used for this |)ur})Ose, as alcoliol decnlorises the organism very 
readily. A little of the mcthylene-blu<.‘ or other stain may be 
with advantage added to the aniline-oil used for deliydrating. 

Cultivation. — Although for a long period of time attempts 
to obtain cultures were unsiueessful, succ(‘ss has been attained 

within recent years. 
Rcnzanyon, Griffon, and 
be (Sourd obtain (‘d pure 
crdtui’cs in four cases, 
the medium used being 
a. mixture of rabbit’s 
blood and agar, in the 
proportion of one part 
of the former to two of 
the latter. The blood 
is add(3d t-o the agar in 
the iiadted condition at 
15 Ct, and tla.' tubes are 
then sloped. Davis con- 
firms these results, and 
finds that another good 
mcalium is freshly-drawn 
human blood distributed 
in small tubes ; this 
method is s])eeially suitable, as the blood inliibits tlie growth 
of various extraneous organisms. On the solid medium, (blood- 
agar) the growth appears in the form of small round globules, 
which attain their com})letc development in forty-eight hours, 
having then a diameter of 1 to 2 mm.; the colonies do not 
become confluent. Microscojuc examination of these colonies, 
which are dissociated with some difficulty, shows similar ap})ear- 
ances to those observed when the organism is in the tissues (Fig. 
77), but occasionally long undivided tilaments are ol)served which 
Davis regards as degenerative forms. Within a comparatively 
short period cultures undergo marked degenerative changes, and 
great irregularities of form and sha})e arc to be found. It 

We are indebted to Dr. Davis for the use of Figs. 76 and 77. 



Pm. 77. — Ducrey’s 1);»,cilliis from a 24-liour 
culture in blood-bouillon, x 1500.'' 
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would appear that a comparatively large amount of blood is 
necessary for the growth of this organism, and even sub-cultures 
on the ordinary media, including blood -serum media, give 
negative results. Inoculation of the ordinary laboratory animals 
is not attended by any result, but it has been found that some 
monkeys are susceptible, small idcerations being produced by 
su[)erficial inoculation, and in these the organism can be demon- 
strated. Tomasczewski cultivated the organism for several 
generations, and ]*eproduced the disease by inoculation of the 
human sulyoct. The causal relationshi[) of this bacillus must 
therefore be considered as completely establislied, and the con- 
ditions under which it grows show it to be a strict parasite — a 
fact which is in conformity witli the known facts as to the 
transmission of the disease. 


SYniiLis. 

Up till (|uite recent times practically nothing of a definite 
nature was known regarding the etiology of syphilis. Most 
interest for a long time centred around the observations of 
Lustgarteii, who in 1881 described a characteristic bacillus, 
both in the lU'imary sore and in the lesions in internal organs. 
This organism occurred in the form of slender rods, straight, or 
slightly bent, 3 to 4 />t in length, often forming little clusters 
cither within (;ells or lying free in the lymphatic spaces ; it took 
up l)asic aniline dyes with some difficulty, but was much more 
easily decolorised by acids than the tubercle bacillus. 

Lustgarteii stained tlie tissues for twenty-four to forty-eight hours 
in aniline-water solution of gentian violet ; and then, after washing 
them in alcohol, jilaced them for ten seconds in a I'n per cent solution 
of jiermanganate of potassium. They were then treated with sul|)hiirous 
acid, which removes tlic brown ])rei;i])itat.c formed, and decolorises the 
sections. They were then washed in water, dehydrated, and mounted. 

Miicli controversy arose regarding the sigiiiticance of this 
bacillus. Some considered it to be the tubercle bacillus, whilst 
others supposed that it Avas the smegma bacillus which had 
invaded the tissues. The etiological relationshij) of the organism 
to the disease Avas, however, not generally accepted, and in vieAV 
of the recent work on syphilis, the organism cannot be regarded 
as having any pathological importance. 

SpirochaBte pallida. — An entirely new light has been thrown 
on the etiology of the disease by the Avork of Schaudinn and 
Hoffmann Avhich apjieared in 190*5. Since their first publication 
a great amount of work has been undertaken in order to test 
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their conclusions, and the general result may be said to be of a 
confirmatory nature. These observers found in certain cases an 
organism to which they gave the name spirocJmte pallida ; it 
now also goes by the name sjyironema pcdlidwm^^^ As described 
by them, it is a minute spiral -shaped organism, showing usually 
from six to eight curves, though longer forms are met with ; the 
curves are small, comparatively sharp, and regular (Figs. 78, 79). 
It may be said to measure 4-14 p in length, while it is extremely 
thin, its thickness being only *25 p. In a fresh specimen, say a 
scraping from a chancre suspended in a little salt solution, the 
organism shows active movements, which are of three kinds — 
rotation about the long axis, gliding movements to and fro, 



Figs. 78 jukI 79. — Film ))rei)arations from juice of hai'd cliaiicre .showing 
spirocliade j)alli(la, — (Jieinsa’.s stain, x 1000. (From preparations ])y 
Dr. A. MacLennaii.) 

and movements of fiexion of the whole body. The ends are 
pointed and tapering. Its detection is comparatively difficult, 
as the oiganism is feebly refractile, and more difficult to see than 
most other organisms ; the movement of small particles in the 
vicinity, however, is of assistance in finding it. 

In ulcerated syphilitic lesions other organisms are, of course, 
present, and not infrequently another spiral organism, to wliich 
the name spirochceU refringens has been given. This organism 
is usually somewhat longer, and is distinctly thicker than the 
spirochiete [jallida. As the name implies, it is more highly 
refractile, and is much more easily detected than the latter 
organism ; its curves also are opener and much less regular, 
and they vary in their appearance during the movements. In 
stained films (see p. 107) the difterences between the organisms 
come out more distinctly, as can be gathered from the accom- 
panying photograph (Fig. 81). The spirochaete pallida by the 
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Giemsa stain is coloured somewhat faintly, and of reddish tint, 
whilst the regular spiral twistings are preserved ; the spirochaite 
refringens shows flatter, wave-like bends, and, like other organ- 
isms, is stained of a bluish tint. 

By using Ldffler’s stain for the 
flagella of bacteria, Schaudinn was 
able to demonstrate a single deli- 
cate flagellum at each pole of the 
spiroclnete pallida, while no undu- 
lating membrane could be detected ; 
on the other hand, several other 
species, including the spirochmte 
refringens, showed a distinct un- 
dulating membrane. Two flagella 
at one pole of the spirocha3te 
I)allida were also seen, an appear- 
ance wliicli Schaudinn thought 
might represent the commencement 
of longitudinal fission. 

The number of publications with 
regard to the distribution of the spirocluetc pallida is already 
very large, and a summary of the results may be given. In the 
primary sore and in the related lym})hatic glands, the juice of 
which can be conveniently obtained by means of a hypodermic 
syringe, the organism has been 
found in a very large majority of 
cases. It has been also obtained 
in the papular and roseolar erup- 
tions, in condylomata and mucous 
imtches — in fact, one may say 
generally, in all the })rimary and 
secondary lesions. It has been ob- 
tained from the spleen during life, 
and on a few occasions, e.g. by 
Schaudinn, also from the blood 
during life in secondary syphilis. 
In the congenital form of the disease 
the organism may be present in 
large numbers, as was first shown 
by Buschke and Fischer, and by 
Levaditi. In the peinifliigoid bullm, in the blood, in the in- 
ternal organs, the liver, lungs, spleen, supra-renals, and even in 
the heart its detection may be comparatively easy, owing to the 
large numbers present (Fig. 80). It can readily be demonstrated 



Fkj. 81.-- S|)iroc;]i<‘«te refringens 

ill film prepariition from a ease 
of lialaiiitis. x 1000. 



Fig. 80. — Section of spleen from 
a case of congenital syphilis, 
showing several examples of 
spirochiete pallida; Levaditi’s 
method, x 1000. 
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in sections of the organs by the method described on p. 104. In 
such ])reparations large numbers of spir*oclnietes, chiefly extra- 
vascular in position, can be seen, and many may occur in the 
interior of the more highly specialised cells, for exam|)le, liver- 
cells; in many cases examination has been made within so sliort 
a period after tlie death of the child as to practically exclude the 
possibility of contamination from without. It also abounds 
sometimes on mucous sur facets, e.f/. of the bladder and intestine 
in cases of congenital syphilis. Shortly after tlie discovery of 
the organism, Met(‘hi\ikofl‘ was able to detect it in the lesions 
produced in monkeys by inoculation with material derived from 
syphilitic sores, and his observations have since been conlirmed. 
Although various organisms may be associated with it in the 
lesions of the skin or mucous membranes, there is a comparative 
agreement amongst observers that this organism occurs alone in 
syphilitic lesions where the entrance of bacteria, etc., from outside 
is excluded. The high ])ercentage of cases in whicli it is fc)und 
would, in view of the dilliculty in detecting it, almost point to 
its invariable i)rcsence, and, as a matter of fact, Scliaiidiiin in 
his last series of cases, numbering over seventy, found it iji all. 
In gummata and other tertiary lesions, however, the spirochade 
has rarely, if ever, been detected, and it is probal)le, as Schaudinn 
suggests, that it has passed into some resting condition M’hich 
has not yet been found. Another question of considerable 
importance is, as to whether this organism has l)cen found in 
other conditions. Observations show that in various conditions, 
such as ulcerated carcinomata, balanitis, etc., s])irocluetes are of 
comparatively common occurrence. There is no doubt wliat- 
ever that the great majority of these arc readily distinguishable 
by their appearance from the spirochade })allida, but others 
resemble it closely. Iloflinann, however, who has seen many of 
these sjtirocluetes from other sources, considers tliat even by 
their ndcroscopic ap})earance they are ca]>able of being dis- 
tinguished, though with considerable difficulty. It must, of 
course, l)e borne in mind that the finding of an organism in 
non-syi)hilitic lesions with exactly the same microscopical char- 
acters docs not show that it is the same organism as the s})iro- 
cliaite ])allida. It cannot be claimed that the ])athological 
relation of this organism to the disease is absolutely demon- 
strated ; but the facts stated are suflicient to form very strong 
presumptive evidence that in the spirochaite pallida we have 
the true cause of syphilis. 

Transmission of the Disease to Animals. — Although 
various experiments had previously been from time to time 



SYPHILIS 


233 


made by different observers, in some cases with rei)orted 
successful result, it is to the papers of Metchnikoff and lloux 
(1903-5) that we owe most of our knowledge. These observers 
have carried on a large series of observations, and liave shown 
that tlie disease can be transmitted to various species of monkeys. 
Of these the anthropoid apes are most suscej)tible, the chimpanzee 
being the most suitable for experimental purposes. Their 
results have been con tinned by Lassar, Neisser, Kraus, and 
others. Inoculations made by scaritication resulted in the 
|)roductioii of typical primary lesions in all of more than twenty 
animals used. Tlie ])rimary lesion is in the form of an indurated 
])a|>ule or of papules, in every respect resembling the luiman 
lesion. Along with this there is a marked enlargement and 
induration of the corresponding lymphatic glands. The ])rimary 
lesion appeared on an average about thirty days after inocula- 
tion, and secondai'y symptoms appeared in rather more than 
half of the cases after a further period of rather longer duration. 
These were of the nature of sijuamous pajailes on the skin, 
mucous patches in the mouth, and sometimes ])almar psoriasis. 
As a rule, the secondary manifestations were of a somewhat 
mild d(3gree, and in no instance up to the ]»reseut has any 
tertiary lesion been observed. ]>y inoculation from the secondary 
lesions, the primary manifestations with their typical characters 
liave been re|)roduc('d. The orang-outang has been found to be 
less suscc])tible, whilst Roux’s experiments on the gorilla have 
been too few to admit of any conclusion. The disease may also 
be produced in balxjons and macaques {macacus iilnicus is one of 
the most suscej)til)le), but these animals are less susceptible. 
In tlie case of many of them no result follows, and when a lesion 
is ])roduced it is only of the nature of a iirimary papule, 
secondary manifestations never ajipearing. There is thus no 
doubt that the disease may be jaoduced in apes, and, to speak 
generally, the severity of the affection increases according to the 
nearness of the relationship of the animal to the human 
subject. 

The ])roduction of the disease, experimentally, has supi)lied 
us witli some further facts regarding the nature of the virus. 
It has been showm re})eatedly that the |)assage of ffuid con- 
taining the virus through a Berkefeld filter deprives it com})letely 
of its infectivity. In other w^ords, the virus does not belong to 
the ultra-microscopic group of organisms. The virus is also 
readily destroyed by heat, a temperature of ST' C. being 
fatal. With regard to the production of immunity, very little 
of a satisfactory nature has so far been established. It has been 
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found that the virus from a macaque monkey produces a less 
severe disease in the chimpanzee than the virus from the human 
subject, inasmuch as secondary lesions do not follow ; the virus 
would thus appear to have undergone a certain amount of 
attenuation in the tissues of that monkey. Recently corneal 
ulcers in rabbits have been produced by Bertarelli and by Hoff- 
mann by inoculation with syphilitic material ; they appear after 
a long period of incubation, and the spirochyete can be demon- 
strated in the lesions. The effects of injecting emulsions of 
tertiary lesions or of serum from syphilitic patients, at the time 
of inoculation with the virus, appear to be practically nil; 
so also the enqjloyraent of the virus rendered inactive by heating 
has apparently no influence in acting as a vaccine. There is 
some evidence that the serum from a patient suffering from the 
disease when mixed with the virus befoi’e inoculation modifies 
the disease to a certain extent, but further evidence on this 
point is necessary. As mentioned above, the s|)iroclKetcj })allida 
has been found in the lesions in monkeys, MetchnikotF and 
Roux obtaiidng positive results in more than 75 })er cent of the 
cases, and it is to be noted that here also the organism has been 
found deep in the substance of the papules, unaccompanied by 
any other organisms. Hoffmann failed to find any spiroclnetes 
in monkeys which had not been inoculated with syphilitic 
material. This observer })roduced a lesion on the upper eyelid 
of a macacus by inoculation with the blood of a man who had 
suffered from the disease for six months, and a paj>u1e appeared 
which contained spirochyetes. This result is in conformity with 
that given by microscopic examination, and sliows that the 
organism is sometimes })resent in the circulating Ijlood in severe 
cases of the disease, and that the blood is accordingly infective. 

Castellani has described in yaws or frambtesia the occurrence 
of a spiroclnete closely resembling the spirochiete ])allida in 
a|)|)earance, and to this organism he has given tlie name spiro- 
chmte j)erte7iuis. He has found it not only in the skin lesions 
but also in the spleen and lymphatic glands of patients suffering 
from the disease. He has produced the dis(‘asc in monkeys by 
direct inoculation and has found the s[)iro(‘Ji;ete in the resulting 
lesions. He finds that the immunity reactions of tlie two organ- 
isms — spirochade pallida and spirochmte pertenuis — are quite 
distinct ; hence we have i)robably to deal with two distinct species. 
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TUBERCULOSIS. 

Tnp] cause of tubercle was jirovcd by Koch in 1882 to be the 
organism now universally known as the tubercle bacillus. 
Probably no other single discovery has had a more important 
effect on medical science and pathology than this. It has not 
only shown what is the real cause of the disease, but has also 
su])plied infallil)le methods for determining what are tubercular 
lesions and what are not, and has also given the means of 
studying the modes and paths of infection. A definite answer 
has in this way been supplied to many (piestions which were 
])reviously the subject of endless discussion. 

Historical,— by the work of Aiiiiauni and of Colinlieim and Salomonsen 
(1870-80) it had been demonstrated that tubercle was an infective disease. 
The latie.r observers found on inoculation of the anterior chamber of the 
eye of rabbits with tubercular material that in many cases tlie results of 
irritation soon disappe^ared, but that after a pisriod of iiicubiition, usually 
about twenty-jive days, small tubercular nodules appeared in the iris ; 
afterwards the disease gradually spread, leading to a tubercular disorgan- 
isation of the globe of the eye. Later still, tlie lymphatic glands became 
involved, and linally the animal died of acute tuberculosis. The question 
remained a.s to the nature of the virus, the specific character of which 
was thus established, and this question was answered by the work 
of Koch. 

The announcement of the discovery of the tubercle bacillus was made 
by Koch in March 1882, and a full account of his researches apjieared in 
1884 [MiUh. a. d. K. (rsndhtsavife., Berlin). Koch’s work on this subject 
will remain as a classical masterpiece of bacteriological re.search, both on 
account of the great dijliculties which he successfully overcame and the 
completeness with which he demonstrated the relations of the organism 
to the disease. Tlie two chief diiliculties were, first, the demonstration 
of the bacilli in the tissues, and, secondly, the cultivation of the organism 
outside the body. For, with regard to the first, the tubercle bacillus 
cannot bo demonstrated by a sirnjile watery solution of a basic aniline 
dyo, and it was only after prolonged staining for twenty-four hours, with 
a solution of methylene-bliio with caustic potash added, that he was 
able to reveal the presence of the organism. Then, in the second place, 
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all attempts to cultivate it on the ordinary media failed, and he only 
succeeded in obtaining growth on solidified blood serum, the method of 
pre})aring wliicli he himself devised, inoculations being made on this 
medium from the organs of animals artilicialJy rendered tubercular. 
The fact tliat growth did not appear till the tenth day at the earliest, 
might easily have led to the hasty conclusion that no growth took jdace. 
All ditticulties were, liowevcr, successfully overcome. He cultivated the 
organism by the above method from a great variety of sources, and by 
a large series of inoculation ex])eriments on various animals, performed 
by dilfer(mt methods, he conclusively ])roved that bacilli froiu these 
different sources produced tlie same tubercular lesions and were nailly of 
the same species. His work Avas tin; means of showing conclusively that 
such conditions as lupus, “ Avhite swelling” of joints, scrofulous disease 
of glands, etc., are really tubercular in nature. 

Tuberculosis in Animals.— Tuberculosis is uot only the most 
widely spread of all diseases affecting the hunian sul)ject, and 
produces a mortality greater than any other, but tliere is })robab]y 
no other disease wliicIi affects the domestic animals so widely. 
We need not here describe in detail the various tubercular lesions 
in the liuman subject, but some facts regarding the disease in 
the lower animals may be given, as this subject is of great im- 
portance in relation to the infection of the human subject. 

Amongst tlie domestic animals the disease is commonest in cattle 
(bovine tuberculosis), in Avliicb animals the lesions arc veu'y various, both 
in character and distribution. In most cases the lungs are affected, and 
contain numerous roumlcd nodules, many l)eiug of considerable size ; 
these may be softened in the centre, but aj'c \isually of jirctty firm 
consistence and may be calcified. There may be in addition (‘.asi'ous 
jmeunionia, and also small tubercular granulations. Along Aviili tlicsc 
changes in the lungs, the jdcuiTe are also often affected, and show 
numerous nodules, some of Avhich may l)o of large size, firm and ])0(lun- 
culated, the condition being known in Germany as in France 

puiiimeUtre. Lesions similar to tlie last may be chiefly confined to 
the peritoneum and pleune. In other cases, again, the alidouiinal organs 
are principally involved. The udder becomes affected in a ceitain pro- 
portion of cases of tuberculosis in coavs — in 3 per cejit according to bang 
— but jirimary affection of this gland is very rare. Tuberculosis is also 
a comparatively common disease in ]»igs, in Avhich animals it in iiiany 
cases affects the abdominal organs, in other cases jiroduees a soi't of 
caseous pneumonia, and sometimes is met Avith as a chronic disease of 
the lymphatic glands, llio so-called “scrofula” of jugs. Tubercular 
lesions in the muscles are less rare in pigs than in most other animals. 
In the horse the abdominal organs are usually the ju-imary seat of the 
disease, the sjileeii being often enormously enlarged and ci'owded Avitli 
nodules of various sliajies and sizes; sometimes, liowever, the ])rimary 
lesions are pulmonary. In sheep and goats tuberculosis is of rare 
occurrence, especially in tlie former animals. It may occur sjiontaneously 
in dogs, cats, and in the large carnivora. It is also sometimes met Avith 
in monkeys in confinement, aud leads to a very rapid and widespread 
affection in tliese animals, the nodules having a sjiecial tendency to 
soften and break down into a pus-like fluid. 
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Tuberculosis in fowls (avian tuberculosis) is a common and very 
infectious disease, nearly all the birds in a poultry-yard being sometimes 
affected. 

From these statements it will be seen that the disease in 
animals i)resents great variations in character, and may differ in 
many respects from that met with in the human subject. The 
relation of the different forms of tuberculosis is discussed below. 

Tubercle Bacillus Microscopical Characters. — Tubercle 
bacilli are minute rods wlihdi usually iiK'asure 2*5 to 3*5 />t in 
length, and '3 /x in thickness, i.c. in ])roportion to their length 
they are comparatively thin organisms (Figs. 82 and 83). Home- 
times, however, longer 
forms, up to 5 /x or more 
in length, are met with, 
both in cultures and in the 
tissues. They are straight 
or slightly curved, and are 
of uniform thickness, or 
may show slight swelling 
at their extremities. When 
stained they a])})ear uni- 
formly coloured, or may 
present small uncoloured 
spots along their course, 
with darkly -staiiK-ul parts 
between. In such a min- 
ute organism it is ex- 
tremely dilbcult to deter- 
mine the exact nature of 
the unstained })oints. Ac- 
cordingly, we ffnd that 
some obs(5rvers consider these to be s])ores, while othei's find that 
it is inijiossible to stain them by any means whatever, and con- 
sider that they are really of the nature of vacuoles. Against their 
being spores is also the fact tliat many oc(nir in one bacillus. 
Others again hold that some of the condensed and highly-stained 
particles are spores. It is impossible to speak definitely on the 
question at })reseiit. We can only say that the younger bacilli 
stain uniforndy, and that in the older forms ine(]uality in staining 
is met with ; this latter condition is, however, not associated with 
greater powers of resistance. 

The bacilli in the tissues occur scattered irregularly or in 
little masses. They are usually single, or two are attached end 
to end and often form in such a case an obtuse angle. True 





Fid. 82. — TiiVterclc bacilli, IVoni a pure 
culture on glycerin agar. 

Stained with carbol-fuchsiu. x 1000. 
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chains are not formed, but occasionally short filaments are met 
with. In cultures the bacilli form masses in which the rods are 
closely applied to one another and arranged in a more or less 
parallel manner. Tubercle bacilli are quite devoid of motility. 

Aberrant Fonm , — Though such are the cliaracters of the 
organism as usually met witli, other appea-rances are sometimes 
found. In old cultures, for example, very miicli larger elements 


/ 







Fig. 83. --Tubercle bacilli in plitliisical sputum ; tliej^ are longer tlian 
is often the case. 

Film preparation, stained with carboi-l'uchsin and methylene-blue, x 1000. 

may occur. These may be in the form of long filaments, some- 
times swollen or clubbed at their extremities, may be irregularly 
beaded, and may even show^ the appearance of branching. Such 
forms have been studied by Metchnikoff, Maffucci, Klein, and 
others. Their signiticance has been variously intei'preted, for 
while some look upon them as degenerated or involution forms, 
others regard them as indicating a special phase in the life 
history of the organism, allying it with the higher bacteria. 
Recent observations, however, go to establish the latter view, 
and this is now generally accepted by authorities. It has also 
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been found that under certain circumstances tubercle bacilli in 
the tissues produce a radiating structure closely similar to that 
of the actinornyces. This was found by Babes and also by 
Lubai’sch to be the case when the bacilli were injected under 
the dura mater and directly into certain solid organs, such as 
the kidneys in the rabbit. Club-like structures may be present 
at the periphery ; these are usually not acid-fast, but they retain 
the stain in the Wcigert-Gram method. Similar results obtained 
with other acid-fast bacilli will be mentioned below, and these 
organisms would appear to form a group closely allied to the 
streptothriccie, the bacillary parasitic form being one stage of 
the life history of the organism. This group is often spoken of 
as the mycohacteria. 

Staining Reactions . — The tubercle bacillus takes up the 
ordinary stains very slowly and faintly, and for successful staining 
one of the most powerful solutions ought to be emj)loyed, e.g. 
gentian-violet or fuchsiii, along with aniline-oil water or solution 
of carbolic acid. Furtlier, such staining solutions require to be 
applied for a long time, or the staining must be accelerated by 
heat, the solution being warmed till steam arises and the 
specimen allowed to remain in the hot stain for two or three 
minutes. One of the best and most convenient methods is the 
Ziehl- Neel sen method (see p. 100). The bacilli present this 
further peculiarity, however, that after staining has taken place 
they resist decolorising by solutions which readily remove the 
colour from the tissues and from other organisms which may be 
present. Such decolorising agents arc sulphuric or nitric acid 
in 20 j»cr cent solution. Breparations can thus be obtained in 
which the tubercle bacilli alone are coloured by the stain first 
used, and the tissues can then be coloured by a contrast stain. 
Within recent years certain other bacilli have been discovered 
which present the same staining i-eactions as tubercle bacilli ; 
they are therefore called “ acid-fast {vide infra). The spores 
of many bacilli become decolorised more readily than tubercle 
bacilli, though some retain the colour with equal tenacity. 

BiillocF and Macl<‘od, by treating tubercle bacilli with hot alcohol 
and ether, cxtract(‘d a wax wliich gave tlie t;haracteri.stic staining 
reactions of the bacilli themselves. The remains of the bacilli, further, 
when extracted with ca,ustic potash, yielded a body wliich was probably 
a chitin, and wdiich was acid-fast when stained for twenty-four lioiirs 
with carbol- fuchsiii. 

Cultivation. — The medium first used by Koch was inspissated 
blood serum (vide p. 39). If inoculations are made on this 
medium with tubercular material free from other organisms, 
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there ap})ear in from ten to fourteen days minute points of 
growth of dull whitish colour, rather irregular, and slightly raised 
above tlie surface (it is advisable to plant on the niediuin an 
actual piece of the tubercular tissue and to fix it in a wound of 
the surface of the serum). Koch compared the ap[)earance of tliese 
to that of small dry scales. In such cultures the growths usually 

reach only a com})ara- 



tively small size and re- 
main s(‘i)arate, becoming 
confluent only wdien many 
occur close together. In 
sub - cultures, however, 
growth is more luxni-iant 
and may come to form a 
dull wrinkled film of 
whitish colour, which 
may cover the greater piirt 
of tlu! su]-faceof the serum 
and at the bottom of the 
tube may grow' over tlic 
surface of tlie condensa- 
tion water on to tlu? glass 
(big. 84, A). Thegrowtli 
is always of a dull ap- 
]>earanc(! and lias a con- 
siderable degret^ of con- 
sistence, so tliat; it is diffi- 
cult to dissociate a portion 
thoroughly in a drop of 
water. In older cultures 


Fio. 84, — Culture's of tulxacle bacilli on 
glycerin agar. 

A and U. Matnmaliau tubercle bacilli ; A is an 
old culture, 15 one ol' a few weeks’ {j;«'owth. 

C. Avian tulaucle bacilli. The f^rowtb is winter 
and smoother on tbe surface than the othei-s. 


the grow4Ji may acquire 
a slightly brownish or buff 
colour. When the small 
colonies are examined 
under a low power >of the 


microscope they are seen 
to be extending at the peripla^ry in the form of wavy or sinuous 
streaks which radiate outward and which have been compared 
to the flourishes of a pen. The central part shows similar 


markings closely interwoven. These streaks are composed of 
masses of the bacilli arranged in a more or less jiarallcl manner. 


On (jhjeerin agar, wliich was first introduced hy Nocard and 
Roux as a medium for the culture of the tubercle bacillus, 
growth takes place in sub-cultures at an earlier date and pro- 
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grosses more rapidly than on serum, but this medium is not 
suitable for obtaining cultures from the tissues, inoculations 
with tubercular material usually yielding a negative result. The 
growth has [)ractically the same characters as on serum, ljut is 
more luxuriant. In fjlycerin broth^ es[)e(*ially when tlie layer is 
not deep, tubercle bacilli grow readily in the form of little white 
masses which fall to the bottom and form a powdery layer. If, 
however, the growth be started on the surface it s])reads super- 
ficially as a dull whitish, wrinkled pellicle which may reach the 
walls of the flask ; this mode of growth is s[)ecially suitable for 
tlie production of tnl)erc.ulin i^nide infra). The culture has a 
|)eculiar fruity and not unpleasant odour. On ordinary agar* 
and on gelatin media no growtli takes [>lace. 

It was at OIK! time believed tliat the tiibercJe bacillus would only grow 
on media coiitaining anima.l Iluids, but of late years it has been found tlnit 
growth t.'dvcs |)la.c(! a, Iso on a purely vegetable medium, as was lirst shown 
by Pawlowsky in tlui case of jiotatoes, 8ande-r has sliown that the 
baeilhis grows readily on potato, carrot, macaroni, and on infusion of 
these substances, especially when glycerin is addl'd. He also found 
that cultures iVom tubcrcuia,r lesions could be olitained on glycerin potato 
(p. .1h). 

The optimum temperature for growtli is to 38' C. 
Growth ceases above 42' and usually below 28', but on long- 
continued cultivation outside the body and in s})ecial circum- 
stances, growth may take place at a lower temperature, erj. 
8ander found that growth took [da(‘e in g]ycerin-[)otato broth 
even at 22' to 23 ' (b 

Powers of Resistance, — Tubei-cle bacilli Itave considerable 
pow(‘rs of resisiaiK'c to external inlluences, and can retain their 
vitality for a long time outside the body in vai'ious conditions ; 
in fact, in this respect they may be said to occu}))’ an inter- 
nu'diate jiosition between s])orc's and spore-free bacilli. Dried 
phtliisical sputum has ])een found to contain still virulent bacilli 
(or tln'ir spores) after two months, and similar results are obtained 
when the liacilli aio ke])t in distilled water for several weeks. 
So also they resist for a long time tlie action of })utrcfaction, 
which is rapidly fatal to many i)athogenic organisms. Sputum 
has been found to contain living tiibeo'lc bacilli even after being 
allowed to putrefy for several weeks (Fraenkel, Baumgarten), and 
the bacilli Inu^e lieeii found tol)e alive in tubercular organs which 
liave been buried in the ground for a similar period. They are 
not killed by beiiig exposed to the action of the gastric juice for 
six hours, or to a temperature of - 3 ’ C. for three hours, even 
when this is repeated several times. It has been found that 
16 
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when com})]etely dried they can resist a temperature of 100° C. 
for an hour, but, on the other hand, exposure in the moist 
condition to 70° C. for the same time is usually fatal. It may 
be stated that raising the temperature to 100° C. kills the bacilli 
in fluids and in tissues, but in the case of large masses of tissue 
care must be taken that this temperature is reached throughout. 
They are killed in less than a minute by exposure to 5 per cent 
carbolic acid, and both Koch and Straus found that they are 
rapidly killed by l)eing exposed to the action of direct sunlight. 

Action on the Tissues. — The local lesion produced by the 
tubercle bacillus is the w^ell- known tubercle nodule, the 
structure of which varies in different situations and according to 
the intensity of the action of the bacilli. After the bacilli gain 
entrance to a connective tissue such as that of the iris, their 
first action appears to be on the connective-tissue cells, which 
become somewhat swollen and undergo mitotic division, the 
resulting cells being distinguishable by their large size and pale 
nuclei — the so-called ej uthelioid cells. These proliferative changes 
may be well seen on the fifth day after inoculation or even 
earlier. A small focus of proliferated cells is thus formed in the 
neighbourhood of the bacilli and about the same time numbers 
of leucocytes — chiefly lym])hocytes — begin to a])])ear at the 
periphery and gradually become more numerous. Soon, however, 
the action of the bacilli as cell-poisons comes into jtrominence. 
The epithelioid cells become swollen and somewhat hyaline, their 
outlines become indistinct, whilst their nucleus stains faintly, 
and ultimately loses the powau- of staining. Tlie cells in the 
centre, thus altered, gradually become fused into a homogeneous 
substance and this afterwards becomes somewhat granular in 
appearance. If the central necrosis does not take ]»la(;o (piickly, 
then giant-cell formation may occur in the centre of tlie follicle, 
this constituting one of the characteristic features of the tuber- 
cular lesion ; or after the occuiTence of caseation giant-c(41s may 
be formed in the cellular tissue around. The centre of a giant- 
cell often shows signs of degeneration, such as liyalinc change 
and vacuolation, or it may be more granular than the rest of the 
cell. 

Though there has been a considerable amount of dis(aission 
as to the mode of origin of the giant-cells, wai tliink there can 
be little doubt that in most cases they result from enlargement 
of single epithelioid cells, the nucleus of wliich undergoes pro- 
liferation without the protoplasm dividing. Those e[)ithelioid 
cells may sometimes be the lining cells of capillaries. Home con- 
sider that the giant-cells result from a fusion of the epithelioid 
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cells; but, though there are occasionally appearances which 
indicate such a mode of formation, it cannot be regarded as of 
common occurrence. In some cases of acute tuberculosis, when 
the bacilli become lodged in a cai)illary the endothelial cells of 
its wall may proliferate, and thus a ring of nuclei may be seen 
round a small central thrombus. Such an occurrence gives rise 
to an appearance closely resembling a typical giant- cell. 
According to the view here stated, both the ejtithelioid and the 
giant-cells are of connective tissue origin; and we can see no 
sufficient evidence for the view held by some observers, chiefly 
of the French school, that they are formed from leucocytes 
which have emigrated from the capillaries. 

There can be no doubt that the cell necrosis and subse(|uent 
caseation depend ui)on the products of the bacilli, and are not due 
to the fact thsit tlie tubei’cle nodule is non-vascular. This non- 
vascularity itself is to be explained by the circumstance that 
young capillaries cannot grow into a part wliere tubercle bacilli 
are active, and that the already existing capillaries become 
thrombosed, owing to the action of the bacillary products on 
their walls, and ultimately disappear. At tlie periphery of 
tubercular lesions there may be considerable vascularity and new 
formation of capillaries. 

The general sf/mptems o f tuherculom — pyrexia, perspiration, 
wasting, etc., are to be ascribed to the absorption and distribution 
throughout the system of the toxic [)roducts of the bacilli ; in 
tlie c.ase of phthisical cavities and like conditions wliere other 
bacteria are present, the toxins of the latter also play an im- 
]:)ortaut part. Tiic occurrence of waxy change in the organs is 
believed by some to be chiefly due to tlie products of other, 
especially [)yogenic, organisms, secondarily present in the tuber- 
cular lesions. This matter, however, requires further elucidation. 

Presence aful Distrilmf ion o f the Jlacilf i — A few facts may be 
stated regarding the })resence of bacilli, and the numbers in 
whi(di they are likely to be found in tubercular lesions. On the 
one hand, they may be very few in number and difficult to find, 
and on the other hand, they may be present in very large 
numbers, sometimes forming masses which are easily visil)le under 
the low power of the microscope. 

They are usually very few in number in chronic lesions, 
whether these are tubercle nodules with luucli connective tissue 
formation or old caseous collections. In caseous material one 
can sometimes see a few bacilli faintly stained, along with very 
minute unequally stained granular points, some of which may 
possibly be spores of the bacilli. Whether they are spores or 
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not, the important fact has been established that tubercular 
material in which no bacilli can be found microscopically, may 
be proved, on experimental inoculation into animals, to be still 
virulent. In such cases the bacilli may be present in numbers so 
small as to escape observation, or it may be that their spores only 
are present. In subacute lesions, witli well-lormcd tubercle 
follicles and little caseation, the bacilli are generally scanty. 



Frc. Sf). — Tubercle bacilli in section of liiunan luii.e; in acute jilitliisis. The 
bacilli are seen lying singl)', and also in large masses to left of field. The 
pale background is formed by caseous material. 

Stained with carbol-fuchsiji and llismarck-brown. x 1000. 

They are most numerous in acute lesions, especially where 
caseation is rapidly spreading, for example, in such conditions as 
caseous catarrhal pneumonia (Fig. 85), acute tuberculosis of the 
s[)leen in cliildi’en, which is often attended with a good deal of 
rapid caseous change, etc. In acute miliary tnl)erculosis a few 
bacilli can gem'.rally be found in the centre of the follicles ; but 
here they are often much more scanty than one would expect. 
The tubercle bacillus is, one which not only has comparatively 
slow growth, but retains its form and staining power for a much 
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longer period than most organisms. As a rule the bacilli are 
extra-cellular in |)osition. Occasionally they occur within the 
giant-cells, in which they may be arranged in a somewhat radiate 
manner at the i)erij)hery, occasionally also in epithelioid cells and 
in leucocytes. 

The above statements, however, a])ply only to tuberculosis 
in the human subject, and even in this case there are exceptions. 



Fic. 8(1. -Tiibeir.le hufilli in giani-cclls, sliowiii" llie nuliate arraiigeiiieiit 
at tlie ])eri[)]icry of the cells. Section of tubcrcnlar ndder of cow. 

Stained with carhol-fnehsin and Bismarck -bi-own. x 1000. 

In the ox, on the other haivd, the ]»rcsence of tubercle bacilli 
within giant-cells is a very common occuiTeiice ; and it is 
also common to tind them in considerable numbers scattered 
irregularly throughout the cellular connective tissue of the lesions, 
even when there is little or no caseation pi’(‘sent (Fig. 86). 

In tuberculosis in the horse and in avian tul)erculosis the 
numbers of bacilli may be enormous, even in lesions which are 
not specially acute ; and considerable variation both in their 
number and in their site is met with in tuberculosis of other 
animals. 
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In discliarges from tubercular lesions which are breaking 
down, tubercle bacilli are usually to be found. In the sputum of 
phthisical patients their presence can be demonstrated almost 
invariably at some period, and sometimes their numbers are very 
large (for method of staining see p. 101). Several examinations 
may, however, require to be made ; this should always be done 
before any conclusion as to the noii-tubercular nature of a case is 



come to. In cases of genito- 
urinary tuberculosis they 
are usually j)resent in the 
urine; but as they are 
much diluted it is difficult 
’ to find them unless a de- 
^ posit is obtained by means 

I of the centrifuge. This 

i deposit is examined in the 
j saiiK' v'iiy as tlie sputum. 

' The bacilli often occur in 
little clumps, as shown in 
Fig. 87. In tubercular 
ulceration of the intestine 


their presence in the fa'ces 
may be demonstrated, as 
Fio. 87.— 'I’uberelc bacilli in urine ; sliowin^r was first shown by Kocll ; 
one of the characteristic c]iini]»s, in wliicli their dis- 

they often occur. . ’ V, - 

Stained with carbol-fiichsin and methylene- usually 01 little 

blue. xlOOO. importaiice, as the intes- 

tinal lesions, as a rule, 
occur only in advanced stages when diagnosis is no longer a 
matter of dould. 


Experimental Inoculation. — Tuberculosis can be artificially 
produced in animals liy infection in a great many different ways 
— by injection of the bacilli into the subcutaneous tissue, into 
the peritoneum, into the anterior chamber of the eye, into tlie 
veins ; by feeding the animals with the bacilli; and, lastly, by 
making them inliale the bacilli suspended in the air. 

The exact residt, of course, varies in different animals and 
according to the method of inoculation, but we may state 
generally that wlien introduced into the tissues of a susceptible 
animal, the bacilli ];)roduce locally tlie lesions above descilbed, 
terminating in caseation ; that there occurs a tubercular affection 
of the neighbouring lymjffiatic glands, and that lastly there 
may be a rapid extension of the bacilli to other organs by the 
blood stream and the production of general tuberculosis. Of 
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the aniinals generally used for the purpose, the guinea-pig is 
most susceptible. 

When a guinea-pig is inoculated subcutaneously with tubercle 
bacilli from a culture, or with material containing them, such as 
phthisical sputum, a local swelling gradually forms which is 
usually well marked about the tenth day. This swelling becomes 
softened and caseous, and may break down, leading to the 
formation of an irregularly ulcerated area with caseous lining. 
The lymphatic glands in relation to the parts can generally be 
found to be enlarged and of somewhat firm consistence, about 
the end of the second or third week. Later, in them also caseous 
change occurs, and a similar condition may s|)read to other 
groups of glands in turn, passing also to those on the other side 
of the body. During the occurrence of these changes, tlie animal 
loses weight, gradually becomes cachectic, and ultimat(4y dies, 
sometimes within six weeks, sometimes not for two or three 
months. Pod mortem., in addition to tlie local and glandular 
changes, an acute tuberculosis is usually present, the spleen 
being specially adected. This organ is swollen, and is studded 
tliroughout by numerous tul:)ercle nodules, which inay be minute 
and grc^y, or larger and of a yellowish tint. If death has been 
long delayed, calcification may have occurred in some of the 
nodules. Tuljerclo nodides, though rather less numerous, are 
also pres(mt in the liver and in the lungs, the nodules in the 
latter organs being usually of smaller size though occasionally in 
large numbers. The extent of the general infection varies ; 
sometimes the chronic glandular changes constitute the out- 
standing feature. 

liilrapcrUoneAil injection of pure cultures produces a local lesion in the 
form of an extensive tubercular inliltration and thiekening of the 
omentum, sometimevS attended with acute tubercles all over the 
peritoneum. There is a caseous enlargement of the retroperitoneal and 
other lymphatic glands, and later there may be a general tuberculosis. 
Intravenous injection produces a typical acute tuberculosis, tlie nodules 
being usually more numerous and of smaller size, while death follows 
more rapidly, the larger the numbers of bacilli injected. Guinea-pigs, 
wlien fed with tubercle bacilli, or with sputum or portions of tissue 
containing them, readily contract an intestinal form of tuberculosis, 
lesions being present in the lymphoid tissue of the intestines, in the 
mesenteric glands, and later in the internal organs. 

Rabbits are less susceptible than guinea-pigs, and in them the effects 
of subcutaneous inoculation are very variable ; sometimes the lesions 
remain local, sometimes a general tuberculOvsis is sot up. Otherwise the 
reactions are much of the same nature. Dogs are mucli more highly 
resistant, but tuberculosis can be produced in them by intraperitoneal 
injection of pure cultures (Koch), or by intravenous injection (Maffucci), 
In the latter case there results an extensive eruj>tion of minute miliary 
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In discharges from tubercular lesions which are breaking 
down, tubercle bacilli are usually to be found. In the sputum of 
phthisical j)atients their presence can be demonstrated almost 
invariably at some period, and sometimes their numbers are very 
large (for method of staining see p. 101). Several examinations 
may, however, re(juire to be made ; this should always be done 
before any conclusion as to the non-tubercular nature of a case is 

come to. In cases of genito- 
urinary tuberculosis they 
are usually present in the 
urine ; but as tliey are 
much diluted it is difficult 
to find them unh'ss a de- 
posit is obtained by means 
of the centrifuge. This 
deposit is examined in the 
sanu' way as the sputum. 
The bacilli ofb'U occur in 
little clum])s, as shown in 
Fig. iS7. In tubercular 
ulceration of the intestine 
their presence in the fieces 
may be demonstrated, as 
87. -Tu1)erclc bacilli in urine ; showing was first shown by Kocll ; 
one of tlie characteristic clumps, in wliicli their dis- 

they often occur. • ’ n ^ 

Stuinci will, carbol.fnchsi,, and u.cti.ylene- 

))lue. X 1000. importance, as the intes- 

tinal lesions, as a rule, 
occur only in advanced stages when diagnosis is no longer a 
matter of doulit. 

Experimental Inoculation. — Tuberculosis can be artificially 
produced in animals liy infection in a great many different ways 
— by injection of the bacilli into the subcutaneous tissue, into 
the peritoneum, into the anterior chamber of the eye, into the 
veins ; by feeding the animals with the bacilli ; and, lastly, by 
making them inhale the liacilli suspended in the air. 

The exact result, of course, varies in different animals and 
according to the method of inoculation, but we may state 
generally that wlicn inti-oduced into the tissues of a susceptible 
animal, the bacilli produce locally tlie lesions above desmbed, 
terminating in caseation ; that there occurs a tuberculai' affection 
of the neighbouring lymphatic glands, and that lastly there 
may be a ra^ud extension of the bacilli to other organs by the 
blood stream and the production of general tuberculosis. Of 
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the animals generally used for the purpose, the guinea-pig is 
most susceptible. 

When a guinea-pig is inoculated subcutaneously with tubercle 
bacilli from a culture, or with material containing them, such as 
phthisical sputum, a local swelling gradually forms which is 
usually well marked about the tenth day. This swelling becomes 
softened and caseous, and may break down, leading to the 
formation of an irregularly ulcerated area with caseous lining. 
The lymj)hatic glands in relation to the parts can generally be 
found to be enlarged and of somewhat lirm consistence, about 
the end of the second or third week. Later, in them also caseous 
change occurs, and a similar condition may spread to other 
groui)s of glands in turn, passing also to those on the other side 
of tlie body. During the occurrence of these changes, the animal 
loses weight, gradually becomes cachectic, and ultimately dies, 
soinotimes within six weeks, sometimes not for two or three 
months. Poiit mortem^ in addition to the local and glandular 
changes, an acute tuberculosis is usually present, tlie spleen 
being specially affected. This organ is swollen, and is studded 
throughout by numerous tubercle nodules, which may be minute 
and grt^y, or larger and of a yellowish tint. If death has been 
long delayed, calcification may have occurred in some of the 
nodules. Tubercle nodules, though ratlier less numerous, are 
also present in the liver and in the lungs, the nodules in the 
latter organs being usually of smaller size though occasionally in 
large nunil)ers. The extent of the general infection varies ; 
sometimes the chronic glandular changes constitute the out- 
standing feature. 

Inf/raperUoneal injection of pure cultures produces a local lesion in the 
form of an cA'tensivc tubercular infiltration and thickening of the 
onumtuin, sometimes attended with acute tubercles all over the 
peritoneum. There is a caseous enlargement of the retro|)eritoneal and 
other lymphatic glands, and later there may be a general tuberculosis. 
Intravenous injection produces a typical acute tuberculosis, the nodules 
being usually more numerous and of smaller size, while death follows 
more rapidly, the larger the numbers of bacilli injected, (fuinea-pigs, 
when fed with tubercle bacilli, or with sputum or portions of tissue 
containing them, readily contract an intestinal form of tuberculosis, 
lesions being present in the lymphoid tissue of the intestines, in the 
mesenteric glands, and later in the internal organs. 

Kabbits are less susceptible than guinea-pigs, and in them the effects 
of subcutaneous inoculation are very variable ; sometimes the lesions 
remain local, sometimes a general tuberculosis is set up. Otherwise the 
reactions arc much of the same nature. Dogs are much more highly 
resistant, but tuberculosis can be produced in them by iiitraperitoneal 
injection of pure cultures (Koch), or by intravenous injection (Maffucci). 
Ill the latter case there results an extensive eruption of minute miliary 
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tubercles. Tuberculosis can also be easily produced in susceptible 
animals by making them inhale the bacilli. 

V arieties of Tuberculosis. 1 . Ihman and Bo vine Tuberculosis, 
— Up till recent years it was generally accepted that all 
mammalian tnl)crculosis was due to the same organism, and 
in particular that tul)crculosis could he ti’ansinitted from the 
ox to the human subject. Tlie matter became one of special 
interest owing to Koch’s address at the Tuberculosis Congress 
in 1901, in which he stated his conclusion that human and 
bovine tuberculosis are practically distinct, and that if a 
susceptibility of the human subject to the latter really exists, 
infection is of very rare occurrence, — so rare that it is not 
necessary to take any measures against it. Treviously to this, 
Theobald Smith had pointed out differences between mammalian 
and bovine tubercle bacilli, the most striking being that the latter 
l) 0 ssess a much higher virulence to theguinca-])ig, rabbit, and other 
animals, and in particular tliat liuman tubercle bacilli, on 
inoculation into oxen, produce either no disease or only local 
lesions without any dissemination. Koch’s conclusions were based 
chiefly on the result of his inoculations of the bovine species 
with human tubercle bacilli, tlie result being conlirmatory of 
Smith's, and, secondly, on the su]>p()sition tliat infection of the 
human subject through the intestine is of very rare occurrence. 

Since the time of Koch’s communication an enormous amount 
of work has been done on this sidject, and (.'Omniissions of 
inquiry have been a|)pointed in various countries. A¥e may 
summarise the chief facts which have been established. 
Practically all observers are agreed that there are two chief 
types of tubercle l)acilli which differ both in their cultural 
cliaracters and in their virulence — a bovine type and a human 
type. The bacilli of the bovine type when cultivated are shorter 
and thicker and more regular in size ; wliilst their growth on 
various culture media is scantier than that of the human type. 
From the latter character the British lloyal Commission have 
applied the term dysgonic to the bovine and eugonic to the 
human ty[)e. As [.ilready stated there is also a gi'cat differeiice 
in virulence towards the lower animals, the l)acillus from tlie ox 
having a much higher virulence. This organism when injected 
in suitable quantities into the ox ju'oduces a local tubei'cular 
lesion, which is usually followed by a generalised and fatal 
tuberculosis ; whereas injection of human tubercle bacilli pro- 
duces no more than a local lesion, which undergoes retrogression. 
(In certain experiments, e.j. those of Delepine, Hamilton and 
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Young, general tuberculosis has been produced by tubercle 
bacilli from the human subject, but these results are exceptional). 
Corres|)onding differences come out in the case of the rabbit ; in 
fact, intravenous injection of suitable quantities in this animal is 
the readiest metliod of distinguishing the two types — an acute 
tuberculosis resulting with the bovine, Init not with the human 
ty])e. In guinea-pigs and monkeys a generalised tuberculosis may 
result from subcutaneous injection of bacilli of the human type, 
but in this case also the difference in favour of the greater viru- 
lence of the bovine ty})e is made out. With regard to the dis- 
tribution of the two types of organisms, it may be stated that so 
far as we know the bacillus obtained from bovine tuberculosis is 
always of the bovine type, and the same may be said to be true 
of tuberculosis in ])igs; in fact this seems to bo the juevalent 
organism in animal tubenmlosis. In human tuberculosis the 
bacilli in a large majority of the cases are of the human type ; 
but on the other hand, in a certain ])roportion bacilli of the 
bovine ty])e are ]>resent, the bacilli when cultivated being 
indistinguishable l)y any means at our disposal from those 
obtained from bovine tuberculosis. Qhie Royal Commission 
found the bovine ty})e in 14 out of GO cases of human 
tuberculosis — a somewhat higlier pro})ortion than has been 
obtained by most other investigators — and in all of these, 
with one cxce[>tion, the bacilli were obtained eitlier from caseous 
cervical glands, or from the lesions of primary abdominal tubercu- 
losis, that is from cases where there was evidence of infection by 
alimentation. It is also to be noted that almost all the tuber- 
cular lesions from which the bovine type has l)een obtained have 
l)een in children. The general result accordingly is that bovine 
tubercle biicilli an* |)resent in a certain iu'oportion of cases of tubei- 
culosis in young subjects, and that these are e, specially cases where 
infection l)y the alimentary canal has occurred. It must thus 
1)0 held as established that tuberculosis is transmissible from 
tile ox to man, and that the milk of tubercular cows is a common 
vehicle of ti’ansmission. 

Although most of the bacilli which have been cultivated 
corrt)S])ond to one of the two types, as above described, it is 
also to be noted that intermediate varieties are met with. It 
has also lieen found that the tyjie characters of tlie bacillus are 
not constant. Various observers have found it possible to 
modify bacilli of the human tyjie by passing them through the 
bodies of certain animals, c./;. guinea-pigs, sheep, and goats, so 
that they acquire the characters of bovine bacilli. In view 
of these facts it is probable that bovine bacilli will undergo 
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corresponding modifications in the tissues of the human subject 
— what period of time is necessary for such a change we cannot 
say. It is thus possible that the cases from which the bovine 
type has been obtained do not represent the full number where 
infection from the ox has occurred. It is (piite likely that 
although the bovine bacilli are more virulent to the lower 
animals than the human bacilli are, this docs not also liold in the 
case of the hiiinau subject. In fact the comparative chronicity 
of the primary abdominal lesions in children in the first instance 
would point rather to a low order of virulence towards the 
human subject. We may also add that there are cases, notably 
those of Kavenel, in which accidental inoculation of the human 
subject with bovine tubercle has resulted in the production of 
tuberculosis. 

2. Avian Taberculods . — In the tubercular lesions in bii-ds there 
are found bacilli which correspond in their staining reactions 
and in their morphological characters with those in inamnials, 
but differences are observed in cultures, and also on ex})erimental 
inoculation. These ditfofences were first descril)ed by Maffucci 
and by Rivolta, but special attention was drawji to the subject 
by a pa[)er nnid by Koch at the International Medical Congress in 
1,890. Koch stated that he had failed to change the one variety 
of tubercle bacillus into the other, though In; did not conclude 
therefrom that they were (piite distinct species. The following 
points of difference may be noted ; — 

Oil glycerin agar and on sernni, the growth of tiihorclo bacilli from 
birds is more luxuriant, has a moi.ster appearaii(;o (Fig. 84, C), and, 
moreover, takes place at a higher temperaturo, 48*5' C., tliari is the 
ease with ordinary tubercle bacilli. Experimeiitiil iiio(mlati(m brings 
out even mons distinct differences. Tubercle bacilli derived from the 
liuman .subj(;ct, for example, when inj(ict(d into birds, usually fail to 
})roducc tuberculosis, whilst those of avian origin very readily do so. 
Birds are also very susceptible to the disease wlieii fed with purtion.s 
of the organs of birds containing tubercle bacilli, but they (^aii consume 
enormous quantities of phthisical sjmtum without becoming tubercular 
(Straus, Wiirt/., Nocard). No doubt, on the other Inind, there are cases 
on record in which the source of infection of a poultry-yard lias ap- 
parently been the sputum of phthisical patients. Again, tubercle 
bacilli cultivated from birds have not the same elfcct on inoculation 
of mammals as ordinary tubercle bacilli have. When guinca-])igs are 
inoculated sulicutaiieously they usually resist infection, though occa- 
sionally a fatal result follows. In the latter ease, usually no tubercles 
visible to the naked eye are found, but numerous bacilli may be ]>resent 
in internal organs, especially in the spleen, which is much swollen. 
Furtlier, intravenous injection even of large (piantities of avian tubercle 
bacilli, in tlie case of dogs, leads to no effect, whereas ordinary tubercle 
bacilli produce acute tuberculosis. [The rabbit, on tlie other hand, is 
comparatively susceptible to avian tuberculosis (Nocard),] 
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There is, therefore, abundant evidence that the bacilli derived 
from the two classes of animals show important differences, and, 
reasoning from analogy, we might infer that probably the human 
subject also would be little susceptible to infection from avian 
tuberculosis. The question remains, are these differences of a 
permanent character ? The matter seems conclusively settled by 
the experiments of Nocard, in which mammalian tubercle bacilli 
have been made to acquire all the characters of those of avian 
origin. The method adopted was to place bacilli from human 
tuberculosis in small collodion sacs [v. p. 123) containing bouillon, 
and then to insert each sjic in the peritoneal cavity of a fowl. 
The sacs were left in situ for periods of from four to eight months. 
They W(;rc then removed, cultures were made from their con- 
tents, fresh sacs were inoculated from these cultures and intro- 
du(;cd into other fowls. In such conditions the bacilli are 
subjected only to the tissue juices, the wall of the sac being 
impervious both to bacilli and to leucocytes, etc. After one 
sojourn of this kind, and still more so after two, the bacilli are 
found to have acquired some of the characters of avian tubercle 
bacilli, but are still nou-virulent to fowls. After the third 
sojourn, however, they have acspiired this property, and produce 
in fowls the same lesion as bacilli derived from avian tuber- 
culosis. It therefore appears that the bacilli of avian tuberculosis 
are not a distinct and }>erinanent species, but a variety which 
lias been modihed by grow'th in the tissues of the bird. Evidently 
also there are degrees of this modification according to the 
period of time during which the bacilli have passed from bird to 
Ihrd, as in some cases inoculation with tubercle bacilli of avian 
origin has produced ordinary tubercle nodules in guinea-pigs 
(Courmont and Dor). It is also interesting to note that 
Ralhnowitch has cultivated tubercle bacilli of the mammalian 
type from some cases of tuberculosis in parrots kept in con- 
linemcnt. 

3. Tuherculosis in the Fish. — Bataillon, Dubard, and Terre 
cultivated from a tubercle-like disease in a carp, a bacillus which, 
in staining reaction and inicros(iopic characters, closely agrees 
with the tubercle bacillus. The lesion with which it w’as 
associated was an abundant growth of granulation tissue in 
which numerous giant-cells were jiresent. It forms, liowever, 
luxuriant growth at the room temperature, the growth being 
thick and moist like that of avian tubercle bacilli (Fig. 89, c). 
Growth does not occur at the body temperature, though by 
gradual acclimatisation a small amount of growTh has been 
obtained up to 36° 0. Furthermore, the organism appears to 
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undergo no multiplication when injected into the tissues of 
mammals, and attempts to modify this cliaractei’istic have so 
far been unsuccessful. Weber and Taute have cultivated this 
organism from mud, and also from organs of liealtliy frogs. It 
is thus probably to be regarded as a saprophyte wliicli is only 
occasionally associated with disease in the fish. According to 
the results of different exjicrimentei’s it is j)ossible to modify 
human tubercle bacilli by allowing them to sojourn in the tissues 
of cold-blooded animals, ejj. the frog, blind-worm, etc., so that 
they flourish at lower tem})eratures. These results have, how- 
ever, been recently called in question, as it lias been stated the 
organisms obtained were not modified tubercle bacilli but other 
acid-fast bacilli wliich may lie found in the tissues of normal 
cold-blooded animals. This question must accordingly be 
considered still an open one. 

All the above facts taken together indicate that tubercle 
bacilli may become modified in relative virulence and in con- 
ditions of growth by sojourn in the tissues of vaiious animals. 
This modification ajipears slight, though of definite character in 
the case of bovine tuberculosis, more distinct in the case of 
avian tuberculosis, and mucli more marked, if not permanent, in 
the case of fish tuberculosis, that is, of course, in their relations 
to the bacilli from the human subjex^t. 

Other Acid jast Bacilli. — Mhthin reckon t years a number of 
bacilli })resenting the same staining reaction as the tubercle 
bacilli have been discovered. Such bacilli have a (‘om[)aratively 
wide distribution in nature, as they have been obtained from 
various species of grass, from luitter and milk, from manure, and 
from the surfaces of animal l)odies. IMicroscopically, they agree 
more or less closely with tubercle bacilli, though most of them 
arc shorter and jdumper ; many of them show filamentous and 
branching forms under certain conditions of culture. Moreovei’, 
on injection, they produce granulation-tissue nodules which may 
closely resemble tubercles, although on the whole there is a 
greater tendency to softening and suppuration, and usually the 
lesions are localised to the site of inoculation. The most im- 
])ortant j)oint of distinction is the fact that their multiplication 
on artificial media is much more rapid, growth usually being 
visible within forty-eight hours and often within twenty-four 
hours at 37° C. Furthermore, in most instances, gi'owth occurs 
at the room temperature. The general character of tlie (cultures 
in this group is a somewhat irregular layer, often Avith wrinkled 
surface, dry or moist in ai)pearance, and varying in tint from 
white to yellow or reddish brown. The number of such 
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organisms is constantly being added to, but the following may 
be mentioned as examples : — 

Moellers Grass Bacilli^ L and //.—The fonncr was found in infusions 
of Tiiiiotliy-grass {PhJeuni pratense). It is extrenioly acid-tkst, niorplio- 
logicaTly rBseinbles tlie tnl)erc]e bacillus, and in cultures may show club 
formation and branching. The lesions produced closely resemble 
tuberebis. The colonics, visible in thirty-six hours, are scale-like and 
of greyish-white colour (Fig. 81), a). Moeller’s bacillus 11. was obtained 
from the dust of a hay-loft. Tlie colonies at first are moist and some- 
what tenacious, but afterwards run together, and arc of a dull yellowish 
colour. The general results of inocnlatioii resemble those of grass 



Fid. 88.— Moeller’s Timothy-grass bacillus. 
From a culture on agai’. 

Stained with earbol-fuchsin, and treated with 
20 i>er cent sulphuric acid, x 1000. 



Fro. 81). — Cultures of acid-fast bacilli 
grown at room temperature. 

(a) Moellerts Tiniotliy-griiss bacillus 1. 

(/*) The Pidri-Kabiuowilch butter bacilliiH. 
(c) Haoilltis of lish tuberculosis. 


bacillus 1. but arc less marked. Moeller also obtained a similar organism 
from milk. lie also discovered a third acid-fast bacillus which he 
obtained from manure and tlierefore called the “ Mistbacillus ” (dung 
bacillus). This organism has analogous characters, though presenting 
minor dill'crences. It also lias jiatliogeiiic effects. 

Petri and Itabinowitch independently cultivated an acid-fast bacillus 
Irom blitter (“butter bacillus”) in which it occurs with comparative 
fre([uency. The. organism resembles the tubercle bacillus, although it is 
on the whole shorter and thicker. Its lesions closely resemble tuber- 
culosis, especially when injection of the organism is made into the 
peritoneal cavity of guinea-pigs, along with butter,— the method usually 
adopted in searching for tubercle bacilli in butter. This organism 
produces pretty rapidly a Avrinkled growth (Fig. 89, h) not unlike that 
of Moeller’s grassj bacillus II. Korn has also obtained other two 
bacilli from butter which he holds to be distinct from one another and 
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from Rabinowitcli’s bacillus. The points of distinction are of a minor 
character. Other more or less similar bacilli have been cultivated by 
Tobler, Coggi, and others.^ 

Another bacillus of considerable interest is Johne’s bacillus or the 
bacillus of “chronic bovine pscudo-tuberculoiis enteritis,” the lesions 
produced by it being corrugated thickenings of the mucous membrane, 
especially of the small intestine. The disease has now been observed in 
various countries, and several cases in Britain have been recorded by 
M'Fadyean. The bacilli occur in large numbers in the lesions, and can 
readily be found in scrapings from tlie surface;. They resemble the 

tubercle bacillus in appear- 
ance, but on the whole are 





rather shorter ; they are 
equal ly acid-fast. The organ- 
ism has not yet been culti- 
vated outside the body, 
jgmegnxai Bar.lllw. —This 
organism is of importance, 
as ill form and staining re- 
action it somewhat resembles 
the tubercle bacillusand may 



I 



be mistakim for it. It occurs 
oftmi in large numbers in 
tin; smegma jmeputiah; and 
in the region of tlie external 
genitals, especially where 
there is an accumulation of 
fatty matter from the secre- 
tions. Morjihologically it is 
a slend(*r slightly curved 


organism, like the tubercle 
Ftg. 90.— Smegma bacilli. Film i)repuration bacillus but usually dis- 
ol smegma. timdly shorter (Fig. 90). 

Ziehl-Neelseii stain, x 1000. t],o tubercle bacillus it 


stains with some dilliculty 
and resists decolorisation with strong mineral acids. Most observers 


ascribe the latter fact to the tatty matter with which it is surrounded, 
and find tliat if the s])i‘cimen is treated with alcohol the organism is 
easily decolorised. Czaplewski, however, who claims to have cultivated 
it on various media, finds that in culture it shows resistance to decolor- 
isation both with alcohol and with acids, and considers, therefore, that 
the reaction is not due to the surrounding fatty medium. We have 
found that in smegma it can be readily decolorised by a minute’s ex])Osure 
to alcohol after the usual treatment with sul])huric acid, and thus can 
be readily distinguished from the tubercle bacillus. We, moreover, 
believe that minor points of diHerencc in the microscojuc ajijtearances of 
the two organisms are quite suUicient to make the exqterimiced observer 
suspicious if he should meet with the smegma bacillus in iiriiu', and lead 
him to ap])ly tlie decolorising test. Difficulty will only occur when a few' 
scattered bacilli retaining the fuclisin occur. 

Its cultivation, whicli is attended with some difficulty, was first 


^ For further details on this sulqect, Potet, Etudes surles hacilhs dites 
addophiles. Paris, 190*2. 
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effected by Czaplewski. On Keruin it grows in the form of yellowish- 
grey irregularly rounded colonics about 1 mm. in diameter, sometimes 
becoming confiuent to form a comparatively thick layer. He found that 
it also grew on glycerin agar and in bouillon. It is non-patliogenic to 
various animals which have been te.sted. 

Cowie lias recently found that acid-fast bacilli are of common occur- 
rence in the secretions of the external genitals, mammae, etc., in certain 
of the lower animals, and that these organisms vary in appiiarance. He 
considers that the term ’‘smegma bacillus” ])robably rejiiresents a 
number of allied species. 

The ({uestion may be asked — do these results modify the 
validity of the staining reaction of tubercle bacilli as a means of 
diagnosis? The source of any acid-fast bacilli in question is 
manifestly of imporbince, and it may be stated that when these 
have been obtained from some source outside the body, or where 
contamination from without lias been possible, their recognition 
as tubercle bacilli cannot be established by microscopic examina- 
tion alone. In the case of material coming from the interior of 
the body, however, — sputum, etc., — the condition must be looked 
on as different, and although an acid-fast bacillus (not tubercle) 
has been found by Habinowitch in a case of pulmonary gangrene 
we have no. si.ifficie.nt data for saying tliat acid-fast bacilli other 
than the tubercle bacillus hoiuusli wuthi the tissues of the human 
body excejit in such rare instances as to be. .practically negligib 
(To this statement the case, of the kprosy .bacillus, is of course 
an exception.) Accordingly, u]> till now, the microscopic ex- 
alnination of sputum, etc., cannot be said to Iiave its validity 
sliakmi, and we have the results of enormous clinical cx]i)erience 
tliat sucli examination is iiractically of unvarying value. N(;vcr- 
theless the facts establi.shcd witli I’egard to other acid-fast bacilli 
must be kefit carefully in view, and great care must be exercised 
when only one or two bacilli are found, especially if they deviate 
in their morjdio logical characters from the tuliercle liacillus. 

Action of dead Tubercle Bacilli. The remarkable fact has 
been established by independent investigators that tubercle 
bacilli in the dead condition, when introduced into the tissues 
in sufficient numbers, can produce tubercle-like nodules. Prudden 
and Hodeiqiyl, by intravenous injection in ralibits of cultures 
sterilised by heat, produced in the lungs small nodules in which 
giant- cells, but no caseation, were occasionally present, and 
which were cliaracterised by more growth of fibrous tissue than 
in ordinary tubercle. The subject was very fully iiwestigated 
with confirmatory results by Straus and Gamaleia, who found 
that, if the number of bacilli introduced into the circulation were 
large, there resulted very numerous tul)ercle nodules with well- 
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formed giant-cells, and occasionally traces of caseation. The 
bacilli can be well recognised in the nodules by the ordinary 
staining method. In these exi)erimcnts tlie bacilli were killed 
by ex})osure to a temperature of 115" C. for ten minutes before 
being injected. Similar nodules can 1)0 produced by intra- 
peritoneal injection. Subcutaneous injection, on the other 
hand, produces a local abscess, but in this case no secondary 
tubercles are found in the internal organs, Fiirtlier, in many 
of the animals inoculated by the various methods a condition of 
marasmus sets in and gradually leads to a fatal result, there 
being great emaciation before death. Tlu'se experiments, which 
have been contii'ined by other ol)serv(n‘s, show that even after 
the ba(*illi are dead tliey ])reserve their staining reactions in 
the tissues for a long time, and also that there are a])])arcnt]y 
contained in the bodies of the dead bacilli certain substances 
which act locally, producing }>roliferative and, to a h^ss extent, 
degenerative clianges, and wliich also markedly affect the general 
nutrition. S. Stockman lias found that an animal inoculated 
with largo numbers of dead tubei’cle bacilli afterwards gives the 
tuberculin reaction. 

Practical Conclusions. — From the facts above stated with 
regard to the conditions of growth of tlie tubercle bacilli, their 
powers of resistance, and the jiaths by wliich. they can enter the 
body and jiroducc disease (as shown by ex}>erimcnt.), the manner 
by which tuberculosis is naturally transmitted can be readily 
understood. Though tlie experiments of Sander show tliat 
tubercle bacilli can multiply on vegetable media to a certain 
extent at warm summer teni|>erature, it is doubtful whoth('r all 
the conditions necessary for growth are providial to any extent 
in nature. At any rate, the great multiplying ground of tubercle 
bacilli is tlie animal body, and tubercular tissues and secretions 
containing the bacilli are the cliief, if not tlie only, means by 
which the disease is s])read. Tlie tubercle bacilli leave the body 
in large numbers in the sputum of [dithish'al patients, and when 
the sputum becomes dried and pulverised they are set free in 
the air. Their powers of resistance in this condition liave already 
been stated. As examples of the extent to which this takes 
place, it may lie said tliat their presence in the air of rooms 
containing phthisical jiatients has been repeatedly demonstrated. 
Williams placed glass plates covered with glycerine in the 
ventilating shaft of the Bi-ompton Hospital, and after live days 
found, by microscopic examination, tubercle bacilli on the surface, 
whilst Klein found that guinea-pigs kept in the ventilating shaft 
became tubercular. Cornet produced tubeEculoMsiiLrabMts^J^^ 
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of a con- 

s ump tive w arcL Tubercle bacilli are also discharged in consider- 
able quantities in the urine^in tubercular disease of thejurmar^ 
t^i^t^iind also by the^owel when tluire is till )ercu]ar ulceration r 
but, so fa r as the human subject is concenied" the great men, ns 
ordTsseniinatin g tli e bacilli in th e oute r wor l d is c 


s])utum, and the source of danger from this means can scarcely 
be over-estimated. Every phthisi(;al patient ouglit to be looked 
upon as a fruitful source of infection to those around, and should 
only expectorate on to pieces of rag which are afterwards to l>e 
burnt, or into special receptacles which are to be tlien sterilised 
either by boiling or by the addition of a 5 ])er cent solution of 
carbolic acid. 

An oth Cl' great source of infection is in all jirobability the 

milk of cows affeided with tuberculosis of the iidder. In such 


cas(\s tile lu’csence of tubercle Iiacilli in tlu^ milk can usually be 


readily detected by centrifugalising it, and then examining the 
do])Osit microscopically, or by inoculating an animal with it. As 
pointed out by W oodlic ad and others, the milk from cows thus 
affe(*t('d is probably the great'source of tabes mesentcriciij which 
is siTcOmfiTOn in yoiuTglqibji'cts. In these cases there may be 
tiHH^rnnhiT ulceration of the intestine, or it may b('- absent. 
Woodliead found that out of 127 cases of tuberculosis in children, 
the mi'senteric glands showed tubercular affection in 100, and 
that there was ulceration of the intestine in 43. It is espociaU^^ 
iry children that this mode of infection occurs, as in the adiilt 
ulmatiQiL oi tha. intestine as a primary, infection, though 

it is Gomnion in phthisical paiients as the result of infection liy 
the bacilli in the sputum whicli lias been swallowed. There is 
less risk of infectionliy means of the flesh of tulierciilar animals, 
for, in the first place, tuberculosis of the muscles of oxen lieing 
very rare, tliere is little chance of the bacilli being present in the 
flesh unless the surface has been smeared with the juice of the 
tubercular organs, as in the jirocess of cutting up the parts ; and 
in the second place, even when present they 'will be destroyed if 
thp nieatis thoroughly cooked. 

We may state,lirerefore, that the two great in ode^ oLmie^cto^ 
]lvji d^alatiQn^j ;u^_^ ingestmn,_^_tul2cr£^ By the 

former method the tubercle bacilli will in most cases be derived 
from the human subject ; in the latter, probably from tubercular 
cows, though inhaled tubercle bacilli may also be swallowed and 
contamination of food by tubercular material from the human 
subject may occur. Alike when inhaled and when ingested, 
tubercle bacilli may lodge about the pharynx and thus come to 


17 



258 


TUBERCULOSIS 


infect the pharyngeal lymphoid tissue, tonsils, etc., tubercular 
lesions of those parts being much more freipient than was 
formerly supposed. Thence the cervical ]ym|)hatic glands may 
become infected, and afterwards other grou])s of glands, bones, 
or joints, and internal organs. 

The Toxins of the Tubercle Bacillus. — Two outstanding 
features of the action of the tubercle Itacillus are the occurrence 
of necrosis in the cells of tubercle nodules and the production 
of general disturbances of metabolism ac(a)m])anied l)y fever. 
It is natural to refer these ])lienomena to tlie effects of toxins 
formed by the organism. Tlie study of such toxins centres 
round the sulistance known as fuherevlin which Koch brought 
forward in 1890-1 as a curative agent for tul)crc.ular idlectiouy. 

Kocli^s T'iiherciilin . — Koch stated that if in a guinea-pig 
suffering from the effe(‘ts of a subcutaneous ino('ulation Avitli 
tubercle bacilli, a secojid sul)cutaneous inoculation of tubei’cle 
bacilli was practised in another ]>art of the body, svqierlicial 
ulceiation occurred in the i)rimary tubercular nodule, tlu* wound 
healed, and the animal did not succuml> to tulx'rculosis. This 
reaction was fuidlair studied by means of tuberculin, which 
consisted of a concentrated glycerin bouillon culture^- of tulx'ixde 
in which the bacilli had been killed l>y heat. Its essential 
com])oneid'.s probably were the d(xad and often inacerated lacilli 
and the substances indestructible by boiling wliich existed in 
tliese bacilli, or which were formed during theii' growth. Tlu; 
injection of *25 c.c. of tuberculin into a. healthy man caiises, in 
from three to four hours, malaise, tendency to cough, labouix'd 
breathing, and iiKxlerate ])yrexia; all of which pass off in 
twenty-four hours. The injection (the site of the injection Ixn’ng 
quite unimportant), however, of *01 c.c. into a tubercular ])erson 
gives rise to similar symi)toms, but in a much moixi aggravated 
form, and in addition there occurs around any tubercular focus 
great indammatory reaction, resulting in necrosis and a casting 
off of the tul)ercular mass, when this is possilile, as for instance 
in the case of lu])us. The ])acilli are, it was shown, not killed in 
the process. 

Koch’s theory of the .‘iction of tlie substance was that tin'. tiil)e.ri!lc 
bacillus ordinarily secretes a body having a necrotic action on the tissues. 
When this is injected into a tubercular patient, the proportion ]>r(!sent 
round a tubercular focus is suddenly increased, inflaininatory reaction 
tad<cs ])lace aroiind, 3 nd n(xn;(>sK of the s] »readi ng blauixs-Xei'y 

birdlii bei^jt hrown 

o nenmd^^ n s {^aff~5ff~Bei Tlg^ dism'ti^ratbd ju'efunneaL li a,pixxirs, 
tliiifflirbT^'lhrinfction not be the true one ; for, on the one 
hand, other substances besides ju’oducts of the tubercle bacillus may 
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give rise to similar etlects in tubercular animals, and, on tbe other, a 
similar reaction can take place in otlier diseases wiiere tliere is locally in 
the body a deposit of new tissue. Mattbes lias, for instance, found tliat 
al b u nios(|S and neptones isolated from m-Himi ry p(‘])tic digestion_o f 
vrnl'SuslSninrlns ^ive jdie samiL£ ijrcti onin tuben umir The 

injeofMTirriafiTlr^liii^^^^ acid, ricin, all give a similar rt*sult. Ihd'ore the 
discovery of tuberctilin, (lainalcia liad Ibund that tubercular animals 
were very susceptible to the toxins of the vibrio Metehnikovi ; and later 
Metedinikolf found that a similar siisceiitilulity existed towards the 
toxins of tlie bacillus of fowl cholera. How comjilicated the tuberculin 
reaction is is shown by the tact that a similar reaction has taken jdace 
wluui tuliercnlin has been injected into jiersons suilering from diseases 
other than tubercle, e.g. (•aneei-, sarcoma, s^'philis. 

The liopes which tlie iiiti'oduction of tiiberciilin raised, that a 
curative agent .against tuliercnlosis liad be(‘n discovered, were soon 
found not to be justified. It was very difficult to see how tlie 
necrosed material whicli was jirodnccd and Avliitdi contained the 
still living bacilli, (*oul(l lie got rid of either naturally, as would 
be necessary in the laise of a small tubercular (h'posit in a lung 
or a lym])hatic gland, or artificially, as in a complicated joint- 
cavity where sui’gical interfen'nce could lx‘ undertaken. Not 
only so, but t he iih ^QiatioJv wlihih might be ThiiJa^uel- of Hie 
necrosis appeared to open a j)at.h iojifrcsh-iiifeetion-r Soon facts 
wer(‘ re])orte(l vhich justifical these criticisms. Cases whei'e 
rapid acute tubercular (‘onditions ensued on tlie use of tuberculin 
were re])orted, and in a few months the treatment was practically 
abandoned. 

Use of Ttibcrcalhi in the Diagnosis of T nbcrcul osi s in Cattle . — 
This is now the chief use to which tuberculin is })ut. In cattle, 
t\ibereulosis may be present without gi\iiig rise to a]iparent 
symptoms. It is thus im])orta,ut from the point of view of liumaii 
infection that an cai'ly diagnosis should be made. The method is 
a])])lie,d as follows : — Tlie animals are kept twenty-four hours in tlieir 
stalls, ajid the teiiipcu’ature is taken every tlir(;e hours, from four hours 
l)efore the injection till twenty-four after. The average tempera- 
tuie in cattle is 102 ‘‘i' F, ; 20 io •10 centigrammes of tuberculin are 
injected, and if the animal be tubercular the leni])erature rises 2' or 3“ F. 
in eight to twelve hours and continues elevated for ten lo twchc hours. 
Iktng, Avho has worked most at the subject, lays down the principle tluit 
the more nearly tin; temperature ajiju'oaches lOT* F. the more reason for 
sus])icion is there. He gives a record of 280 cases wliere the value of 
the method was tested by subseejuent post-mortem examination. He 
found that with proper jirecautions the error was only 3'3 per cent. 
The method has been largely i)ractiscd in all ijarls of the world, and is of 
great value. 

While it is undoubted that tuberculin contains toxic products 
formed by tlie bacilli, we know nothing of the nature of tlie 
toxins present. F rom th e fact that tiltcred cultures cause little 
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tos ic effect, and that trjAura tion of th e bacilli increases th e 
poisonous emteut of jt cul ture, it is inferred that we haje-t<^ 
wTHi end()toxins, hut lx;yond this statement we cannot go. 
Hfthdfhr no success lias attended attempts to gain a closer 
knowledge of the nature of such substances. It lias been stated 
that albumoses of a sjiecial kind are jiresent in tuberculin, but 
nothing definite has emerged from the investigation of these 
bodies. 

Active Immunisation against the Tubercle Bacillus. — 

Kodif^ Tuhermlin-E. Our knowledge here centri's round the 
substance introduced by Koch in 1897 undei* the name of 
“ Tuberculin -K,” or the new tuberculin. Koch’s new researches 
consisted (1) of an attempt to immunise animals against the 
tubercle bacillus by employing its intracellular toxins ; (2) of 
trying to utilise such an immunisation to aid the tissues of an 
animal ali’eady attacked wdth tubercle tlie better to combat the 
effects of the bacilli. Tlie method of obtaining the intracellular 
toxins was as follows. Badlli from yoiuig viiadent cultures were 
dried In vanio, and disintegrated in an agate mill, treated with 
distilled water and centrifugal ised. The, clear fluid was decanted, 
and is called l)y Koch “ Tuberculin-O.” The remaining deposit 
was again dried, ground, treated with water and centrifugal ised, 
the clear fluid being again decanted, and this process w'as 
re|:)eated with successive rcisidues till no residue remained. 
These fluids put together constitub^ the “ Tubei'culin-R.” 

From the fa(;t that tubcrculin-O gave no cloudiness wdien 
glycerin was added, Koch concluded that it coutaiiKMl the sub- 
stances ])resent in the glycerind)Ouillon extracts originally used 
by him, and he held this was borne out by the readiness witii 
which a tuberculin reaction could be caused by it. Similarly, as 
tuberculiTidl gave a cloudimiss Avith glycerin and did not readily 
originate a reaction, he considered that it contained different 
products of the bacillus. When injected into animals in 
repeated and increasing dose.s, . mgrrn. being the initial dose, 
tiiberculin-R is said to produce immunity against the original 
extract, against tuberculin-O, and against living and virulent 
tubercle bacilli. Another pre))aration has also been introduced 
known as “ Koch’s new tuberculin ” {Jkizilleneinnlsum). This is 
an emulsion of ground tubercle bacilli in water containing 50 ])er 
cent of glycerin ; it thus really contains both tuberculin-0 and 
tuberculin-R. Both, especially tuberculin-R, have been used for 
the treatment of tuberculosis in man, especially for early localised 
lesions. In the case of both substances commencing with from 
TOO gradually increasing doses were given every 
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second day, and the rule originally laid down for the regulation 
of the dosage was that no amount should be given which raised 
the temperature more than *5" F. Very various opinions have 
been expressed as to the efficacy of such treatment. There is 
little doubt that in certain cases of local conditions, such as lui)us, 
tubercular joints, glands and genito-urinary tuberculosis, improve- 
ment has followed its ai)plittation ; but where febrile conditions 
indicate that general disturbances are in existence, there is little 
or no justification for its being applied, and even in many local 
conditions the al)sence of benefit is so marked that by many 
physicians the metliod has been abandoned. 

Active Jia'tmmimtion associated with Opsonic Observations . — 
Within recent years attention has been directed to the i)ossibility 
of controlling the use of tuborculin-R by observations of its 
effect on the o|isonic qualities of the serum. Wright, early in 
his work, showed that tul)crcle bacilli when sensitised by an 
aj)propriate serum, were readily phagocyted by the [)olymorpho- 
nucleate leucocytes, and the relative sensitising capacities of 
scrum from tubercular and non-tubercular cases has been widely 
studied. A(*cording to Wright, in strictly localised tuberculosis 
the opsonic index is pci'sistentJy low, varying from '1 to '9, 
while in tubei'cle with general disturbances it fluctuates greatly 
from day to day, being sometimes below, sometimes above unity. 
To take the former and simpler case, he holds that if the treat- 
ment with injections of tuberculin-K be controlled by noting the 
effect })roduced on the opsonic index, great improvement in the 
l)atient’s condition may result. Wright’s interpretation of what 
occurs is bound u}) with his views on the nature of the effects 
produced. These views are briefly as follows. For reasons 
unknown the opsonic qualities of the body fluids may become 
abnormally low, and the tubercle l>acilli, if they gain admission to 
the body, can multiply locally. This multij.)lication is associated 
with a still further local diminution of the opsonins. By the 
introduction of such a substance as Koch’s tuberculin-R the 
bodily mechanism, whatever it is, which produies the opsonins 
is stimulated, and a rise in the general op)sonic index occurs. 
Naturally this is accomi>anied by a passing to the site of infec- 
tion of fluids more rich in opsonins than previously, the activity 
of the })hagocytes conies into play and the tubercle bacilli are 
destroyed. But any such vaccination process must be controlled 
by (jonstant observations of the opsonic index, and it is only by 
this means that not only good results can be obtained, but that 
the production of harmful effects can be prevented. The reason 
of this is that in a great many cases the injection of a bacterial 
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vaccine is followed by a decrease in the o})sonic qualities of the 
serum, — the occurreuce of a negative jdiase. During such a 
period of depression there is probably an increased susceptibility 
to the action of the bacilli. Now, in order to g(3t permanent 
benefit from the vaccination process, repeated injections of the 
tuberculin must be practised, and if an injection be given during 
a negative phase, actual harm may be done. The (MUii'se of a 
successful vaccination is that, after the passing off of the negative 
phase, the o[)sonic index should rise to above its original level, 
— the occurrence of a i>ositive phase. It is when this positive 
phase is fully developed that a fr(3sh inoculation can be practised 
with success. The new negative jdiase whicli will now occur 
may not cause a droj) to below the level of the original state of 
the serum, and the ho})e is that its succetsling ])ositive i)hase 
will carry the opsonic index still higher and ensure a still greater 
resistance to the bacterium. Tlie importance of the obsei’vations 
of the o})sonic index lies in this tliat in antibacterial vaccina- 
tions the degree of active immunisation which can be attained is 
always much less than is the case with immunisation against 
such a substance as the diphth(‘ria toxin, although in tlie latter 
there also occur negative and i)Ositive ])hases of a jirecisely 
similar character. If an injection be t)ractised during a negative 
phase, then a still further dro]) in the o])soni(3 content of the 
serum will occur and a fresh growth of the invading l)acilli is 
likely. There are very great variations in the cai>acities sliown 
l)y tubercular ])atients to I'eact to a vaccination process. 1 n certain 
cases good positive t>hases are readily and (piickly ]>ro(luced, while 
in others after an inoculation the negative t)hase is long con- 
tinued and may even .show no tendency to |>ass into a positive 
phase. The irregularities in the 0 [)Sonic index in cases where 
there is a general disturbance of metabolism Wright ex])lains by 
supi)Osing tliat they result from very irregular auto-infections of 
the patient’s body l)y tubercular products from the local lesions, 
— positive and negative phases being produced without the |)ur- 
posive quality which ought to characterise a successful tlierapeutic 
vaccination. Such auto-infections may come about in various 
ways, and AYright is of opinion that exeiaase, for instance, may 
disseminate both tubercular products and tul)ercle ba(nlli, — he 
having noticed in tubercle 2 )atients a fall in the oj)sonic index 
after muscular exertion. 

With regard to the details of the immunisation, Wright’s 
chief point is that the repeated, uncontrolled injections of tuber- 
culin such as were originally given may very likely have a harmful 
result, and that when an injection is practised it is not necessary 
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for constitutional cfi’ccts to occur in order that a heneticial result 
may follow. Hence much smaller doses of tuberculin than 
hitherto are given by him. For ordinary cases with low opsonic 
index and no evidence of constitutional disturbance, an amount 
of tuberculin corresponding to from one-thousandth to a six- 
hundredth of a millegnimme of tul)ercle powder is a sufficient 
dose, and if any dose seems to produce a pronounced negative 
phase then a smaller dose ought to be tried at the next inocula- 
tion. For cases clinically tubercular where the index is about 
normal, then smaller doses, say, the ecpii valent of a two- 
thousandth of a niillegramme or less ought to be used, — the 
ofiect on the index l)eijig carefully watched. In any case, the 
dose which is found to give the highest positive ])hasc! is the 
optimum dose and one whidi need not necessarily be increased. 
Cases where there is constitutional disturbance should be as a 
rule left untreated. 

The general position of Wright and his school is, that it is 
only by the observation of the opsonic index that the a]»})licati()n 

of the tul>erculin treatnnmt can be etiectually controlled, 

ihHiudi()i]^ l)asetl^o^ data, such as absence of interference 

wjth pulse rate, temperatuia*, etc., or increase of body weight, 
aftei- an inoculation being unreliable^ and further evidence of the 
unreliability of such tests is brought forward in the fact that, in 
cases of appai'ent benefit from sanatorium treatment, the opsonic 
index may still be very low. With regaixl to the results 
obt.ained, many cases have been brought forward by Wright and 
others where bemdit has followed the putting into })ractice of the 
]u-inciples eiiumdated, and there is little doubt that the work 
done has giv(m a fresh start to the active immunisation method 
in till' treatment of tuberculosis. An outstanding event of 
W right’s work in this field has been his insistance on the good 
etiects produced lyy extremely small doses of tuberculin (down to 
the four-thousandth of a niillegramme) given at fairly long inter- 
vals (say 10 days or more). Witli regard to the efficacy of the 
opsonic method as affording an index to the [)rogress of a case 
it must be recognised that the method is still on its trial, and 
it is doubtful if twen in the work of the most aireful observers 
tlie limits of tlie experimental error of the ot)Sonic method have 
been sufficiently defined. 

Idle wliole (juestion of immunisation against the tubercle 
bacillus presents many difficulties, and it is the merit of Wright’s 
work that it has shed fresh light on some of these. One great 
difficulty arises from the great chronicity of the results of the 
infection in the majority of human cases. It is probably 
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true not only of man but of many species of animals used in 
experimental inquiries, that many individuals are on the border- 
line between immunity and susceptibility. From the wide 
spread of the bacilli in centres of human population, it is certain 
that the opportunity for infection arises in a vt'iy large propor- 
tion of the race ; in many cases no results follow infection, and 
in many others small lesiojis 0 (;cur which do not develop further ; 
this has actually been shown by morbid anatomists to be the 
case. The disease being thus so often characterised by transient 
local effects without constitutional disturbance, the course of an 
immunisation may be exj)ected to be rather dilierent from that 
obtaining in an ordinary acute affection, though the underdyin^j^ 
processes may be of the same natui'e. It is dilticult, for instance, 
on account of the slowness of tubercular processes, to define 
recovery from an attack of the disease, or to sireak of an animal 
I’ecovering from the effect of an inoculation during an immunisa- 
tion. It follows tliat little is known regarding an attenuation 
of the tubercle bacillus analogous to what is an important 
feature in immunisations against other organisms. It has 
been tlioiight by some that the tubercle bacilli from so-called 
sci'ofulous glands are less virulent than those, say, from jdithisis, 
but a])])arently here sulHcient attention has not bt'en paid to the 
difference of the number's of bacilli injected in each (xise, and 
this a])pears to be a very important i>oint. Exjrerinrents have 
also been br'ought forward which aiq>ear to sliow that the injec- 
tion of bacilli fr-om avian tuberculosis could protect the dog 
against bacilli derived fr'om man. But these are not yet conclusive. 

Agglutinative Phenomena.— The serum of tul)ercular jiatients 
has Ireen found to exert an agglutinating action on the tubercle 
Iracillus, A convenient method is to add different amounts 
of serum, cornnrencing with, say, *1 c.c., to quantities of a 
dilution of the new tuberculin (Bazillenemulsion) eiiuivalent to 
1 ])art of the Iracterial bodies to 10,000 of diluent, and leave tire 
mixture for 24 hours before observing. As with other agglutina- 
tive observations, it is difficult to correlate the degree of agglu- 
tinating i»ower of the serum with the degr'ee of immunisation 
possessed by the individual from which it was derived. 

Antitubercular Sera. — Several attenq>ts have been made to 
treat tuberculosis with the serum of animals immunised by the 
tubercle bacillus or its ju'oducts. The most successful is perhaps 
that of Maragliano. This author distinguishes between the 
toxic materials contained in the bodies of the bacilli (which 
withstand, unchanged, a temperature of 100° C.) and those 
secreted into the culture fluid (which are destroyed by heat). 
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The substance used by him for immunising his animals consists 
of three j)arts of the former and one of the latter. The animals 
employed are the dog, the ass, the horse. The serum obtained 
from these is capable of })rotecting healthy animals against an 
otherwise fatal dose of tuberculin, but very little importance can 
be attached to this result. Maragliano does not appear to have 
studied the effects of this serum on tubercular animals, but it 
has been tried in a great number of cases of human tuberculosis, 
2 (‘.c. being injected subcutaneously every two days. Improve- 
immt is said to have taken place in a certain i)roportion, especi- 
ally of mild non-fel)rile cases. 

^•An antitubercular serum has also been introduced by 
Marmorek. This observer considers that the tubercle bacillus 
cannot produce in ordinary media tlie toxins which it originates 
when ex].)osed to the antagonism of the bodily cells. He tries 
to make good this defect by first growing it in a serum antago- 
nistic to some of the phagocytic cells of the l)ody ; for tliis a 
leucotoxic serum is used. When the bacillus has grown in this 
presumably favourable soil it is transferred to a medium con- 
taining a substance wliich may be unfavourable : and for this 
there is employed a nu'dium containing liver extract, tlie 
liver being an organ in which in man tubercular lesions are 
com])aratively rare. The bacilli being thus accustomed to an 
unfavoura])le surrounding are used for immunising animals, the 
serum of which is now suitable for the treatment of human tuber- 
culosis. It is too soon to speak of the effects of this line of 
treatment. 

Methods of Examination. — (1) Muromypk Exammation, 
Tuberculosis is one of the comparatively few diseases in which a 
diagnosis can usually be definitely made by microscopic examina- 
tion alone. In the case of S[)utum, one of the yellowish 
fragments which are often present ought to be selected ; dried 
films are then prepared in the usual way and stained by the 
Ziehl-Neelsen method (p. 101). In the case of urine or other 
lltiids a dei)Osit should first be obtained by centrifugalising a 
quantity in a test-tube, or by allowing the fluids to stand in a 
tall glass vessel (an ordinary burette is very convenient). Film 
faxiparations are then made with the deposit and treated as 
before. If a negiitive result is obtained in a sus})ected case, 
repeated examination should be undertaken. To avoid risk of 
contamination with the smegma bacillus the meatus of the 
urethra should be cleansed and the urine first passed should be 
rejected, or the urine may be drawn off with a sterile catheter. 
As stated above it is only exceptionally that difficulty will arise 
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to the experienced observer from this cause. (For points to be 
attended to, vide }). 255.) 

(2) Jnociilatim. — The guinea-pig is the most suitable 
animal. If the material to be tested is a fluid it is injected 
subcutaneously or into the peritoneum ; if solid or semi-solid it 
is placed in a small pocket in the skin, or it may be thoroughly 
broken up in sterile water or other fluid and the emulsion 
injected. By this metliod, material in which no tubercle bacilli 
can be found micros(M)pically may sometimes l)e shown to be 
tubercular. 

(3) ()wing to the diffiiailties this is usually 
(|uite impracticable as a moans of diagnosis, and it is also un- 
necessary. The l)est metliod to obtain ]'ure cultures is to 
|»roduce tuberculosis in a guinea-pig by inoculation witli tubercular 
material, and tlien, killing the animal after four or hve weeks, 
to inoculate tubes of solidified blood serum, inider strict aseptic 
precautions, with jiortions of a tubercular organ, ejj. the spleen. 
The portions of tissm; should lie fairly large, and should lie well 
rubbed itito the luokeii surface of the medium. 
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IjEI'Rosy is a (]isc{is(5 of i^o'cat interest, alike in its clinical and 
pathological as])ects; whilst from the l)acteriological point of 
view also, it presents some,', striking peculiarities. The invariable 
association of larg('. niiml)ers of characteristic bacilli with all 
leprous lesions is a well-established fact, and yet, so far, attempts 
to cultivate the bacilli outside the body, or to ivroduce tlie disease 
(‘xperimeiitally in animals, have been attended with failure. 
Lej)]‘osy, so far as is known, is a disease which is contined to the 
liunuui. subject, but it ha,s a very wide geogra])hieal distril)Ution. 
It occui's in (tei’taiu [)arts of Ihirope — Norway, liussia, Greece, 
i‘tc., but is commonest in Asia, occiii'ring in Syi’ia, I’ersia, etc. 
It is |)reval(‘nt in Africa, being es[)ecially found along the (*oast, 
in the Pacitic Islands, in the warmer ]>ai‘ts of North and South 
America, and also to a small extent in the northern part of North 
America. In all these various regions the disease presents the 
same gmK'ral leatiii'es, and the study of its }>athological and 
bacteriological characters, wherever such has been carried on, has 
yielded similar results. 

Pathological Changes. — Leja'osy is characteristically a clironic 
disease, in which tliere is a great amount of tissue change, witli 
comparat ively little necessai'y impairment of the general luxilth. 
in otlier words, tluc local ettects of the bacilli ai'e wc'll marked, 
often extreme, whilst the toxic phenomena are lu’oportionately at 
a minimum. 

There are two chief forms of leprosy. The one;, usually called 
the tulcercular i'orm — tuherom or Uibercuhm — ^is character- 
ised by the growth of granulation tissue in a nodular form or as a 
diffuse intiltratiou in the skin, in mucous membranes, etc., great 
disfigurement often resulting. In the other form, the aiiiesthetic, 
— maculo-anajsthetic of Hansen and Looft — -the outstanding 
267 
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changes are in the nerves, with consequent anaesthesia, paralysis 
of muscles, and trophic disturbances. 

In the tubercular form the disease usually starts with the 
appearance of erythematous patches attended by a small amount 
of fever, and these are followed by the development of small 
nodular thickenings in the skin, espedally of the face, of the 
backs of hands and feet, and of the extensor asi)ects of arms and 



Fk;. 91. — Sections tlirougli leprous skin, sliowiiig tlie niiisses ot cellular 
granulation tissue in tlie cutis ; the dark points are clunips of bacilli deeply 
stained. 

Parallin section ; Zielil-Neelsen stain, x 80. 

legs. Tliese nodules enlarge and produce great distortion of the 
surface, so that, in the (-ase of the face, an appearance is |)roduced 
which has been described as “ leonine.” The thickenings occur 
chiehy in the cutis (Fig. 91), to a less extent in the subcutaneous 
tissue. The epithelium often becomes stretched over them, 
and an oozing surface becomes developed, or actual ulceration 
may occur. The cornea and other parts of tlie eye, the mucous 
membrane of the mouth, larynx, and pharynx, may be the seat 
of similar nodular growths. Internal organs, especially the 
spleen, liver, and testicles, may become secondarily affected. In 
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all situations the change is of the same nature, — a chronic 
iiiliammatory condition attended by abundant formation of 
granulation tissue, nodular or diffuse in its arrangement. In this 
tissue a large proportion of the cells are of rounded or oval shaj)e, 
like hyaline leucocytes ; a number of these may be of compara- 
tively large size, and may show vacuolation of their protoplasm 
and a vesicular ty|)e of nucleus. These are often known as 
“ lej)ra-cells.” Amongst the cellular elements there is a varying 
amount of stroma, whicli in the earlier lesions is scanty and 
delicate, but in the older lesions may be very dense. Periarteritis 
is a common change, and very frequently the sujterficial nerves 
become involved in the nodules and undergo atrophy. The 
tissue in the leprous lesions is comparatively vascular, at least 
when young, and, unlike tubercular lesions, never shows caseation. 
Some of the lepra cells may contain several nuclei, but we do 
not meet witli cells resembling in their api)earance tubercle 
giant-cells, nor does an arrangement like that in tubercle follicl(\s 
occur. 

In the anmsthetic form the lesion of the nerves is the out- 
statiding feature. These are the seat of diffuse infiltrations 
which lead to the destruction of the nerve fibres. In the earlier 
stages, in which the chief sym[)toms are pains along the nerves, 
there occur patches on tlie skin, often of consideral>le size, the 
margins of which show a somewhat livid congestion. Later, 
these pat(!hes become pah; in the central })arts, and the ])eriphery 
becomes pigmented. Tlnnx; then follow remarkable series of 
■trophic disturbances in which the skin, muscles, and bones are 
especially involved. The skin often l)ecomcs atro])hied, j)arch- 
ment-like, and amesthetic; ; frcHpiently penqjhigoid bulhe or other 
skill ('ruptions occur. Partly owing to injuiy to whicli the feet 
and arms an; liable from their amiesthetic condition, and partly 
owing to trophic disturbances, necrosis and sejiaration of i>arts 
are liable to occur. In this way great distortion results. The 
lesions in the nerves are of the sanu; nature as those descrilied 
above, that is, they are the result of a chronic inflammatory 
process, but the granulation tissue is scantier, and has a greater 
tendency to undergo cicatricial contraction. This is to be 
associated with the fact that the bacilli are })resent in fewer 
numbers. 

Bacillus of Leprosy. — This bacillus was first observed in 
leprous tissues by Hansen in 1871, and was the subject of several 
communications by him in 1874 and later. Further researches, 
first by Neisser in 1879, and afterwards by observers in 
various parts of the world, agreed in their main results, and 
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confirmed the accuracy of Hansen’s observations. The bacilli as 
seen in scrapings of ulcerated leprous nodules, or in sections, 
have tlie following characters. They are thin rods of jiractically 
the saiiKi size as tubercle bacilli, wliicli they also rescnd)le both 
in a]>pearance and in staining n'action. They are straight or 
slightly curved, and usually occur singly, or two may be attached 
end to end ; but they do not form chains. Wlien stained they 



Fk!. 92. — Supei'licial leprous skin ; the cells of the ffiainilation tissue 

ap|)ear as dark jjalehes, owing to the deeply-stained bacilli in their interior. 
Ill the up))er })art a process of e])itheliuni is seen. 

Paraffin section ; stained with eaiPol-fuchsin and Bisinarek-brown. x 500. 

may have a uniform a})pearance, or the jirotoplasm may be 
fragmented, so that tiny ajipcar like short rows of cocci. They 
often ajipear tajiered at one or both extremities ; o(a:*asionally 
there is slight clult-like swelling. Degenerated and partitdly 
broken down forms are also seen. They take up the liasic 
aniline stains more readily than tiibereJe bacilli, but in oj-der 
to stain them deeply a ]towerful stain, siicli as carbol-fiichsin, 
is necessary. When stained, they strongly r(?sist decolorising, 
though they are more easily decolorised tlnin tubercle bacilli. 
The best method is to stain with carliol-fuchsin as for tubercle 
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bacilli, but to use a weaker solution of sulphuric acid, say 5 per 
cent, in decolorising ; in the case of films and thin sections, 
decolorising with such a solution for fifteen seconds is usually 
sufficient. Thereafter the tissues are coloured by a contrast 
stain, such as a watery solution of inethylene-Win^ (;vi<h p. 101). 
The l).‘icilli are also I'eadily stained l)y Gram’s method. Regarding 
the j)resence of spores practically nothing is known, thongli some 



Fjo. 93. — -power view of portion of le})roiis nodule showing the 
aiT:ing(;nieni ol’ ilie bacilli within the cells of tlie granulation tissue, 

FaraOin section ; stained witli carbol-fiichsin and niethyhnie-blue. x 1100. 

of the unstained or stained j)oints may be of tliis nature. We 
liave, however, no means of testing their ])owers of resistance. 
Lcjuosy bacilli are non-motile. 

Position of the Bacilli. — They occur in enormous numbers 
ill tlie lejirous lesions, es})ecially in the tubercular form. In fact, 
so numerous arc thc'y that the granulation tissue in sections, 
pro})er]y stained as above, presents (|uite a rod colour under a low 
power of the microsco|)e. The liacilli occur for the most jiart 
within the protojilasm of the round cells of the granulation tissue, 
and are often so numerous that the structure of the cells is (juite 
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obscured (Fig. 92). They are often arranged in bundles which 
contain several bacilli lying parallel to one another, though the 
bundles lie in various directions (Fig. 93). The ai)pearance thus 
presented by the cells filled with bacilli is very characteristic. 
Bacilli are also found free in the lymphatic spaces, but the greater 
number are undoubtedly contained within the cells. They are 
also found in spindle-sha])ed connective- tissue cells, in endothelial 
cells, and in the walls of blood vessels. They are for the most 
part (confined to the connective tissue, but a few may be 
seen in the hair follicles and glands of the skin. Occasionally 
one or two may Ix) found in the surface epithelium, where they 
probably have been carried by leucocytes, but this position is, on 
the whole, exceptional. They also occur in large numbers in the 
lymphatic glands associated with the affected j)arts. In tlie 
internal organs— liver, spleen, etc., when leprous h'sions are 
present, the bacilli are also found though in rekitively smaller 
numbers. In the nerves in the aiuesthetic form tliey are com- 
paratively few, and in the sclerosed ]>arts it maybe impossible to 
find any. There are few also in the skiti patches referred to 
above as occurring in this form of tlie disease. 

Their spread is cliiefly by tlie lympliatics, tliougli distribution 
by the blood stream also occurs. Idii'y have been said to be 
found in the blood during the presence of fever and the erujition 
of fresh nodules, and they havt^ also lieen observed in the lilood 
vessels pod niorteni^ cliieHy contained within leucocytes. Recent 
observations (c.//. those of Doutrelcpont a.nd Wolters) show tliat 
the bacilli may be more widely s|)rea(l throughout the body tlian 
was formerly sujiposed. A few may be deteded in some case's 
in various organs which show no structurn,! change, especially in 
their capillaries. The brain and spinal cord are almost exempt, 
but in some cases bacilli have been found even within nerve 
cells. 

Relations to the Disease. — Attemjits to cultivate tlie h'prosy 
bacilli outside the body have so far been unsuccessful. From 
time to time announcements of successful cultivations have been 
made, but one after another has proved to be erroneous. A 
similar statement may be made with regard to experiments on 
animals. If a piece of leprous tissue be introduced subcutaneously 
in an animal, sucli as the rabbit, a certain amount of induration 
may take place around it, and the bacilli may be found unchanged 
in appearance weeks or even months afterwards, but no muiti- 
plication of the organisms occurs. The only exception to this 
statement is afforded by the experiments of Melcher andOrthmann, 
who inoculated the anterior chamber of the eye of rabbits with 
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leprous material, tlie inoculation being followed by an extensive 
growth of nodules in the lungs and internal organs, which they 
affirmed contained leprosy bacilli. It has been questioned, 
however, by several authorities whether the organisms in the 
nodules were really leprosy bacilli, and up to the present we 
cannot say that there is any satisfactory proof that the disease can 
be transmitted to any of the lower aninuds. Di[)htheroid bacilli 
of more than one variety have been cultivated from the 1)1 ood 
and tissues of leprous patients by Babes and others. Tlieii' 
presence would appear to be by no means infrequent, but it is 
not possible to say at present what their significance is. 

It is interesting to note that a disease occurs under natural 
conditions in rats which presents many points of close similarity 
to le[)rosy. It has been ol)served in liussia, (lermany, and 
England, and an excellent description has recently been given l)y 
Dean. In this affecthni there are lesions in the skin which 
resemble those in lepro.sy, and the cells contain enormous 
numbers of an acid-fast bacillus. The disease can be trans- 
mitted to rats by inoculation with the tissue juices containing 
the l)acilli, but not to animals of other species. x\ll attempts to 
cultivate the characteristic organism outside the body have 
failed, but Dean has obtained a di[>htheroid bacillus — a result of 
interest in relation to what has been found in leprosy. Whether 
this disease has any relation to leprosy in the human subject is 
very doubtful, but the fa(*ts which have been ascertained may 
prove of high importance in connection with the i)atliology of 
the latter disease. 

It would also a|)])ear that the disease is not readily inoculable 
in the human sul)ject. In a well-known case described by Arning, 
a criminal in tluj Sandwich Islands was inoculated in several parts 
of tlie body with leprosy tissue. Two or three years later, well- 
marked tubercular leprosy a|q)eared and led to a fatal result. 
Tills experiment, however, is open to the objection that the 
individual before inoculation had been exjiosed to infection in a 
natural way, having been frequently in contact with lepei's. In 
other cases, inoculation experiments on healthy subjects and 
inoculations in other parts of leprous individuals have given 
negative results. It has been supposed by some that the failure 
to obtain cultures and to reproduce the disease experimentally 
may be ^lartly due to the bacilli in the tissues being dead. That 
many of the leprous bacilli are in a dead condition is quite 
possible, in view of the long period during which dead tubercle 
bacilli introduced into the tissues of animals retain their form and 
staining reaction. There is also the fact that from time to time 
18 
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in leprous subjects there occur febrile attacks, which are followed 
by a fresh outbreak of nodules, and it would appear that 
especially at these times multijdication of the bacilli takes place 
more actively. 

The facts stated woth regard to cultivation and inoculation 
experiments go to distinguish the leprosy l)acillus all the more 
strongly from otluir organisms. Some have snp]»osed that 
leprosy is a form of tubercle, or tubercle modified in some way, 
but for this there a]>pears to us to be no evidence. Roth from 
the ])at}iological and from th(‘ bacteriological ])oint of view the 
diseases are distinct. It should also be mentioned that tnbei'de 
*is a coni] )li cation in le] irons subjects, in wliich 

case the ordinary characters. 

' " The by which leiirosy is transinitted has been tlie 

subjei*'^' is one on which authoriti(!S still 

hold Some consider that it is a liereditary 

(li^^,.,itse, or at least that it is transmitted from a jiarent to the 
^I^Jiring ; others again tliat it is transmitted liy direct contact, 
rjij^ere a])])ea,rs to be no doubt, howovei’, that on the one Iiand 
j^jirous subjects may bear children free fi'om le])rosy, and that on 
^|h(! other hand, healthy individualsentering a le] irons district may 
^mntract the disease, tliongh this randy occurs. Of the latter 
occurrence thm-e is the Avell-knoAvn instance of bather Damien, 
who contracted le])rosy after going to tlu' 8andwi(di Islands. In 
view of all tlie facts there can be litth' doubt that h'jirosy in 
certain conditions may be transmitted liy direct contact, though 
its contagiousness is not of a high ordci\ 

'''• Methods of Diagnosis. — Film ]ire])arations should be made 
^^,Ath the discliarge from any ulcerabid nodule avIucIi jiiay be 
T'csent, or from the scraping of a jiortion of (vxcised tissiu', and 
J,hould lie stained as aboA^e described. The ]iresence of large 
^■lumlHU’s of bacilli situated Avithin the cells and giving the staining 
a^4iction of lejirosy liacilli, is conclusive. It is inoi-e satisfactory, 
hoAvever, to make microscojiic sections through a ])oi'ti()n of the 
excised tissue, when the structure of the nodule and the ai-range- 
nu'iit of the bacilli (;an be readily studied. The jioints of 
difference between le|)rosy and tnliercle have already been stated, 
and in most cases there is really no difficulty in distinguishing 
the tAvo conditions. 



CHAPTER XL 


GLANDE1I8 AND JJHINOSCLEROMA. 

QlAN])E11S. 

The bacillius of glanders (bacillus mallei ; Fr., hacilfe de la 
j/Mvve ; Ger., Roi^dmdllm) was discovered by Lblilcraiid Scbutz, 
tlie aniioiinc.cnient of this discovery being made towards the end 
of 1SS2. They not oidy obtained ]>ure culture's of tliis organism 
from the tissues in the disejisc, but by exjKn’iments on horses 
and other animals conclusively (established its causal relationship. 
These' liav(' laeen fully confirmed. The same organism lias also 
been (‘ultivated fi'om the disease in the human subject, first by 
Weichselbaum in bSSb^ who obtained it from the ])uslules in a 
canse of acuite glanders in a woman, and by inoculation of animals 
obtained results similar to those of Lbffler and Schiitz. 

Within recent years a substance, mallein^ Inis been obtaiiual 
from the cultures of the glaiuk'rs bacillus by a method similar 
to that by whicli tulierculin was pr(^})ared, and has been found 
to ]>rodnce coi'responding etfects in animals siifleriiig from 
glaiidors to those produced by tuberculin in tuberculous animals. 

The Natural Disease. -Glanders (•hietly affects the cipiine 
species — liorses, mules, and asses, lloi'iied cattle, on the other 
hand, are (juite inimuiK', whilst goats and slice]) occu])y an inter- 
mediate |)Osition, tlie fornu'r being rattier more suscejitible and 
occasionally suffering from tlie natural disease. It also occurs 
in some of the carnivora — (*ats, lions, and tigers in menageries, 
wliicli animals are infected from the canvases of animals affected 
with the disease. Many of the small rodents are highly 
suscejitible to inoculation {vide infra). 

Glanders is also found in man as the result of direct inocula- 
tion on some wound of tlie skin or other jiart by means of the 
dis(harges or disc'ased tissues of an animal affected, and hence is 
commonest amongst grooms and others whose work brings tliem 
275 
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into contact witli horses ; even amongst them it is a comparatively 
rare disease. 

In horses the lesions arc of two types, to wliich tlie names “ glanders ” 
proper and “farcy” have been given, though both may exist together. 
In glanders ])roper the septum nasi and adjacent parts are chiefly affected, 
there occurring in the mucous membrane nodules whicli arc at first firm 
and of somewhat translucent grey ap[)earance. The gT’owth of these is 
attended usually by inflammatory swelling and ]irofuse catarrhal dis- 
charge. Afterwards the nodules soften in the centre, break down, and 
give rise to irregular ulcerations. Similar lesions, though in less degree, 
may lie found in the respiratory passages. Associated with these lesions 
there is usually implication of the lymphatic glands in the neck, media- 
stinum, etc. ; and there may be in the lungs,. spleen, liver, etc., nodules 
of the size of a pea or larger, of greyish or yellow tint, linn or somewliat 
softened in the centre, and often surrounded by a Congested zone. The 
terra “farcy” is applied to tlic affection of the sup(“rficial lymphatic 
v(^ssels and glands, which is specially S(!en wh('.re inh'ction takes ])lace 
through an abrasion of tlie skin, such as is often [)roduc('d by the rubbing 
of tl>c harness. The lymphatic, vessels become irnigularly thickened, so 
as to appear like knotted cords, and the associated lymphatic glands 
l)econi(^ enlarged and linn, though sup]»urative softening usually follows, 
and there may be iilce.ration. Tln^s(i thic.kenings are ol'ttm spokem of as 
“ faresy buds ” and “ farcy ])i]»es.” In fiircy, also, secondary nodules may 
occur in internal oi'gans and the nasa,l mucous membram*. Tln^ dis(aise 
is often ])rosent in a “ latent form,” and its presence can only l)e detected 
by tlie mallcin test {vida infra). In tln^ ass the. disease runs a more 
acute course than in the liorse. 

In man tlie disease is met with in two forms, an acute and a 
clironic ; thougli intermediate forms also occur, and chronic cases 
may take on the cliaractei-s of the acute disease. Tlie site of 
inoculation is usually on the hand or arm, by means of some 
scratch or abrasion, or possibly along a hair follicle, sometimes on 
the face, and occasionally on the mucous memlu'ane of the mouth, 
nose, or eye. I’n the acide form there appears at the site of 
inoculation inflammatory swelling, attended usually with stiread- 
ing redness, and the lymi>hatics in relation to the piart also become 
inflamed, the appearances being those of a “pioisoned wound.” 
These local changes are soon followed by marked constitutional 
disturliance, and by an eru])tion on the surface of the body, at 
first papular and afterwards ])ustular, and later there may form in 
the sulicutaneous tissue and muscles larger masses which soften 
and sup[)urate, the yms being often mixed with blood ; suppuration 
may occur also in the joints. In some cases the nasal mucous 
membrane may bo secondarily infected, and thence inflammatory 
swelling may spread to the tissues of the face ; in others it 
remains free. Tlie patient usually dies in two or three weeks, 
sometimes sooner, with the symptoms of rapid pyaemia. In 
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addition to the lesions mentioned there may be foci, usually 
suppurative, in the lungs (attended often with pneumonic con- 
solidation), in the spleen, liver, bone-marrow, salivary glands, etc. 
In the chronic form the local lesion results in the formation of an 
irregular ulcer with thickened margins and sanious, often foul, 
discharge. The ulceration spreads deeply as well as superficially, 
and the thickened lymj)hatics also have a great tendency to 
ulcerate, tliough the lymphatic system is not so })roniinently 
affected as in tlie horse. J )eposits may form in the subcutaneous 
tissue and muscles, and 
affected. The disease may 
run a very chronic course, 
lasting for months, and 
recovery may occur, 
though, on the other Inind, 
the disease may take on 
a more acute character 
and rapidly become fatal. 

The Glanders Bacil- 
lus. - - Micro!<c apical 
Characters. ddie glan- 
ders bacilli are mitiutc 
rods, straiglit or slightly 
curved, with rounded 
ends, and about the same 
length as tubei'cle bacilli, 
l>ut distinctly thicker 
(Fig. 1)4 ). Tliey show, 

howe ver, considerable 

variations in size and in 
a}>pearance, and their pro- 
toi)lasm is often broken up into a number of deeply-stained 
portions with unstained intervals between. These characters are 
seen both in the tissues and in cultures, l)ut, as in the case of 
many organisms, irregularities in form and size are more pi'o- 
nounced in cultures (Fig 95) ; short filamentous forms 8 to 12 p in 
length are sometimes met with, but these are on the whole rare. 
Tlie organism is non-motile. 

In the tissues the bacilli usually occur ii’regularly scattered 
amongst the cellular elements ; a few may be contained within 
leucocytes and connective-tissue corpuscles, but the position of 
most is extracellular. They are most abundant in the acute lesions, 
in which they may be found in considerable nurnbei's ; but in the 
chronic nodules, especially when softening has taken place, tliey 


the mucous inemliraiie may become 



Fj(i. 94. — Glanders bacilli ainoircjst broken- 
down cells. Film jn’eparation from a 
glanders noilule in a guinea-])ig. 

Stained witli weak carbol-fuelisiii. x 1000. 
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are few in number, and it may be impossible to find any in 
sections. 'Idiey have less powers of persistence, and disai)pear in 
the tissues much more quickly than tubercle bacilli. 

There lias lieen dispute as to whether or not tliey contain 
spores. Some consider certain of the unstained portions to lie 

of that nature, and it has 
been 'claimed that these 
can lie stained by the 
nuitliod for staining spores 
(Rosenthal). But it is 
very doubtful that such is 
the case ; the a[)])earances 
corr(!Spond rather with 
iiK'rii breaks in the pi'oto- 
]>lasm, such as are met 
with in many other bacilli 
which do not contain 
spores, and the conipa,ra- 
tively low |)owers of resist- 
ance of glanders bacilli 
containing tliese so-called 
spores, is stronuly against 

Fk;. i);).-- (;i:in(lcrs IkumIIi, Iroiii a laire , . . <■ if ' 

iMiltiini oil Staiuod with being ot that nature, 

ciirliol-ruclisiii and pari hilly docoloilsrd to The ])Ower of resistance is 
sli(ovso‘,nneiitati()ii<)tj)rotoi)lasni. X 1000. after all the iin])ortant 

practical point. 

;SVo/y/ /'////. --The glanders bacillus .differs widely from the 
tubercle bacillus in its staining reactions. It stains witli simple 
watery solutions of the basic stains, but somewhat faintly (bettei* 
when an alkali or a mordant, such as carbolic acid, is added), 
and even when deeply stained it readily loses the colour wlien a 
decolorising agent such as alcohol is apjilied. We have obtained 
the best results by carbol-thionin-blue (p. 9S), and we prefer to 
dcliydrate. by tlie aniline-oil method. In film preparations of 
fresh glanders nodules tlu‘ bacilli can be readily found liy staining 
with any of the ordinary condhiiatioiis, c.//. carbol-thionin-blue 
or weak cai'bol-fiichsin. By using a stain of suitable strength 
no decolorising agent is necessary, the film being simply washed 
in water, dried and mounted. M‘Fadyean recommends that 
after sections have been stained in Liiffier’s methylene blue and 
slightly decolorised in weak acetic acid, they should be treated 
foT' fifteen minutes with a saturated solution of tannic acid ; 
thereafter they are washed thoroughly in water, and as a contrast 
stain a 1 per cent solution of acid fuclisin may be applied for 
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half a minute; they are then dehydrated, cleared, and mounted. 
Gram’8 method is (juite inapplicable, the glanders bacilli rapidly 
losing the stain in the ])rocess. 

Cultivation.— (For the methods of se])aration vide infra.) 
The glanders bacillus grows readily on most of the ordinary 
media, but a somcAvhat high temperature is necessary, growth 
taking place most rapidly at 35" to 37'" G Though a certain 
amount of growtli oceui-s down to 2U C., a tem])ei-ature above 
25“ C. is always desirable. 

On agar and glgcerin agar in stroke cultures growth appears 
along the line as a uniform strt^ak of greyish-white colour and 
somewhat transparent a[)pearance, with moist-looking surface, 
and when touched witii a needle is found to be of rather slimy 
consistence. Later it spreads laterally for some distance, and 
the lay(‘.i‘ l)ecoinc‘S of sliglitly brownisli tint. On m'uni the 
growth is sonuwvhat similar but more transparent, the separate 
colonies being in tlii*, form of round a.nd almost clear dro])s. in 
sid)-cultnres on these media, at the body teni])erature growtii is 
visibh; witliin twenty-four hours, but wlani fresh cultures arc 
made from the tissues it may not be visible till the second day. 
Sm’imi or [totato, however, is mu(h mor(j suitable for cultivating 
from th('. tissues than tlie agar media; on the latter it is some- 
times dilhindt to obtain growth. 

In hroth^ growtli forms at first a uniform turbidity, Imt soon 
settles to the bottom, and aftiu' a few <lays forms a pri'tty thick 
floccid(;nt deposit of slimy and somewhat tenacious consistence. 

On at 30 to 37 C. tlu‘ glanders liacillus flourishes well 

and pi'odiices a chara(*teristic ap])earance ; inculcation at a high 
temperat ure, lioAvevm-, Iceing necessary. Growth proct^eds rapidly, 
and oil the third day has usually formed a transparent layer of 
sliglitly yellowish tint, like clear honey in appearance. On sub- 
seipient days, tin' growth still extends and becomes darker in colour 
and more o])ai|U(‘, till about the eightli day it has a reddish-hnewn 
or chocolate tint, while the jiotato at the margin of the growth 
often shows a greenisli-yellow staining. The characters of the 
growth on potato along with the microscopicaJ a])pearances art? 
t[uite suhicient to tlistinguish the glanders Icacillus from every 
other known organism (sometimes the cholera organism and the 
b. pyo(;yaneus produce a somewhat similar ajipcarance, but they 
can be readily distinguished by their other characters). Potato 
is also a suitable medium for starting cultures from the tissues ; 
in this case minute transparent colonies become visilde on the 
third day and afterwards present the appearances, just descrilced. 

Powers of Resistance. — The glanders bacillus is not killed at 
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once by drying, but usually loses its vitality after fourteen days 
in the dry condition, though sometimes it lives longer. It is not 
quickly destroyed by putrefaction, having been found to be still 
active after remaining two or three weeks in putrefying fluids. 
In cultures the bacilli retain their vitality for three or four 
months, if, after growth has taken place, they are kept at the 
temperature of the room; on the other hand, they are often 
found to be dead at the end of two weeks when ket>t constantly 
at the body temperature. They have com])aratively feeble 
resistance to heat and antisei)tics. Loftier found that they were 
killed in ten minutes in a fluid kept at 55° C., and in from two 
to three minutes by a 5 per cent solution of carbolic acid. 
Roiling water and the ordinarily used antisejttics are very 
rapid and efficient disinfectants. 

We may summarise the characters of the glanders bacillus by 
saying that in its morphological characters it resembles some- 
what the tubercle bacillus, but is thicker, and differs widely 
from it in its staining reactions. For its cultivation the higher 
temperatures are necessary, and the growth on potato presents 
most characteristic features. 

Experimental Inoculation. — In liorscs snl)cutaneous injection 
of the glanders liacillus in })ure culture re})roduccs all the 
im]K)rtant features of the disease. This fact was established at 
a conqiaratively early date by Loffler and Schutz, who, after one 
doubtful ex[)erinicnt, successfully inoculated two horses in this 
way, the cultures used having been grown for several generations 
outside tile body. In a few days swellings formed at the sites 
of inoculation, and later broke down into unhealthy- looking 
ulcers. One of the animals died ; after a few weeks the other, 
showing symjitoms of cachexia, was killed. In both animals, in 
addition to ulcerations on the surface with involvement of the 
lymphatics, there were found, p(M mortem,^ nodules in the lungs, 
softened deposits in the muscles, and also affection of the nasal 
mucous membrane, — nodules, and irregular ulcerations. The 
ass is even more susceptible than the horse, the disease in the 
former running a more ra]ud course, but with similar lesions. 
The ass can be readily infected by simple scarification and 
inoculation with ghinders secretion, etc. (Nocard). 

Of small animals, field-mice and guinea-pigs are the most 
susce|)tible. Strangely enough, house -mice and white mice 
enjoy an almost complete immunity. In field-mice subcutaneous 
inoculation is followed by a very rai)id disease, usually leading 
to death within eight days, the organisms becoming generalised 
and i)roducing numerous minute nodules, especially in the spleen, 
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lungs, and liver. In the guinea-pig the disease is less acute, 
tliougli secondary nodules in internal organs are usually present 
in considerable numbers. At the site of inoculation an inflam- 
niatory swelling forms, which soon softens and breaks down, 
leading to the formation of an irregular crateriform ulcer Avith 
indurated margins. The lymphatic vessels become infiltrated, 
and the corresponding lymjihatic glands become enlarged to the 
size of peas or small nuts, softened, and semi-purulent. The 
animal sometimes dies in two or three weeks, sometimes not for 
a -longer period. Secondary nodules, in varying numbers in 
different cases, may be present in the spleen, lungs, bones, nasal 
mucous membrane, testicles, ovaries, etc. ; in some cases a few 
nodules are found in the spleen alone. Intraperitoneal injection 
in the male guinea-pig is followed, as pointed out by Straus, by 
a very ra})id and semi-purulent affection of the tunica vaginalis, 
shown during life by great swelling and I’edness of the testicles, 
whicli cJianges may be noticeable in two or three days. By this 
method there occur also numerous small nodules on the surface 
of the }»eritoneum. Rabbits are less susceptible than guinea- 
pigs, and the effect of subcutaneous inoculation is somewhat 
uncertain. Accidental inoculation of the human subject with 
|)ure cultures of the bacnllus lias in more than one instance been 
followed l)y the acute form of the disease and a fatal result. 

Mayer has Iband tliat when the glanders hacilhis is injeeted along 
with melted butter into the pi'ritoncum of a guinea-pig, it shows 
lilamentoiis, braiieliing, and club - slia2)ed forms; in other words, it 
presmits the characters of a stre2)tothrix. Lubarseh, on tlui other hand, 
in a compai’ativMi study of the results of inoculation with acid-fast and 
other ba,cilli, Ibund none of the above characters in the case of the 
glfinders bacillus {cf. Tubercle). 

Action on the Tissues. — From the above facts it will be seen 
that in many respects glanders jircsents an analogy to tubercle as 
regards the gmieral characters of the lesions and the mode of 
s})read. When the tissue changes in the two diseases are 
compared, certain differences are found. The glanders bacillus 
causes a mori' rajud and more marked inffainmatory reaction. 
There is more leucocytic inliltration and less proliferative change 
Avhich might lead to the formation of ejuthelioid cells. Thus 
th(! (centre of an early glanders nodule shoAvs a dense aggregation 
of leucocytes, most of Avhicli are i>olymori)ho-nuc]ear, Avhilst in 
the central jiarts many shoAV fragmentation of nuclei Avith the 
formation oJ’ a deejily staining granular detritus. And further, 
the inflammatory change may be folloAved by suppurative 
softening of the tissue, especially in certain situations, such as 
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the subcutaneous tissue and lymphatic glands. The nodules, 
therefore, in glanders, as Baunigarten puts it, occupy an 
intermediate position between miliary abscesses and tubercles. 
The diffuse coagulative necrosis and caseation which are so 
common in tubercle do not occur to tlic same d(!gree in glanders, 
and typical giant cells are not formed. The nodules in the lungs 
show leucocytic infiltration and thickening of the alveolar walls, 
whilst the vesicles are filled witli catarilial cells ; there may also 
be fibrinous exudation, whilst at the ])eri])hery of the nodules con- 
nective-tissue growth is present in })roportion to their age. The 
tendency to spr('ad by the lympliatics is always a well-marked 
feature, and when the bacilli gain entrance to the blood-stream, 
they soon settle in tin; various tissues and organs. Accordingly, 
even in acute cases it is usually quite im]K)ssibl(^ to detect the 
bacilli in tlie circulating blood, though sometimes they have been 
found. It is an ijiteresting fact, shown by ol)scrvations of the 
disease both in the human subject and in the horse, as well as 
by experiments on guiiiea-pigs, tliat the mucous membrane of the 
nose may become infected by means of tht^ blood-stream— another 
example of the tendency of organisms to settle in sjiecial sites. 

Mode of Spread. - (danders usually spreads from a diseased 

animal by direct contagion with tlK‘- disclutrge from the nose or 
from tlie sores, etc. So far as infection of the human subj'ect 
goes, no other mode is known. There is no evidence that the 
disease is produced in man by inludation of the bacilli in tlie 
dried condition. Some authorities consider that jmlmonary 
glanders may be ])roduced in this way in the horse, whilst others 
maintain that in all cases there is first a lesion of the nasal 
mucous membrane or of the skin surface, and. that the lung is 
affected secondarily. Babes, however, found that the disease 
could be readily ]>roduc(d in susce|ttibl('. animals by exposing 
them to an atmosphere in which (•ultures of the Itacillus had 
been jiulverised. H(‘ also found tlait inunction of the skin 
with vaseline containing the bacilli miglit produce the disease, 
the bacilli in this case entering along the hair follicles. 

Agglutination of Glanders Bacilli.— Sliortly aftci' the disco\eiy of 
agglutination in typhoid hner, MyTadycan sliowod th;i.t the serum of 
glandetusl liorses ]>o.s.sessed tin; power of agglutinating ghindei's haeilli. 
His later observations sliow tha,t in the great majority of ea.ses of gla, riders 
a 1 in ,h(l dilution of the seiaim produces marked agglutination in a few 
minutes, whilst in the great majority of non-glandercd animals no ed'eet 
is produced under these conditions. The test jierformed in the ordinary 
way is, however, not absolutely reliable, as exceptions occasionally 
occur in both directions, i.e. negative results by glandered anmials and 
positive results by non- glandered animals. He finds that a more delicate 
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and reiialde method is to grow the bacillus in bouillon containing a small 
proportion of thci serum to be tested. In this way he has obtained a 
distinct siidimcnting reaction with a serum which did not agglutinate at 
all distinctly in the ordinary method. Further observations are still 
reipiired to determine the ju'cciso value of the test. 

Mallein and its Preparation. — Mallein is detained Ironi cultures of the 
glanders Ijacillus grown for a suital)le length of time, and, like tuber- 
culin, is really a mixture conijuising (1) substances in the bodies of the 
bacilli and (2) their soluble products, not desti'oyed by heat, along with 
substances dei ived from the medium of growth. It was at first obtained 
from cultures on solid media by extracting with glycerin or water, but is 
now usually prepared from cultures in glycerin bouillon. Sucli a culture, 
after being allowed to grow Ibr threu or four weeks, is sterilised by licat 
either in the autoclave at 115" C. or by steaming at 100" C. on successive 
days. It is then liltered through a (Jhaml)erland lilter. The filtrate 
constitutes liuid mallein. Usually a little carbolic acid ('5 percent) is 
added to prevent it from decomposing. Of sucli mallein 1 c.c. is usually 
the dose for a liorse (M‘Fadyean). Foth has prtipared a dry form of 
mallein Ijy throwing the iiltrateofa broth culture, eva]K)rated to one- 
tmth of its bulk, into twenty-live or thirty times its volume of alcohol. 
A v hite ]H'e,eijiitate is formed, which is dried over calcium chloride and 
tlnui under an air-pump. A dose of this dry mallein is '0.5 to *07 grin. 

T/u: n.sc of Malkin, an a 'nicans (f ])ia(jmmn. -An using mallein for the 
diagnosis of glamhu's, the lein]»erature of the animal ought to be observed 
for some hours beforeha.nd, and, after subcutaneous injection of a suitable 
dosl^, it is ta,ken at delinite intervals, — ac(H)rding to M'Fadyean at tlie 
sixth, Umtli, fourteenih, a, ml eighteenth hours afterwarils, and on the 
next (b'ly. Here both the local reaction and tin* temj)eratur(; are of 
im[iortaaice. In a glandered animal, at the site of inoculation there is a 
somewhat painful local swelling, which reaches a diameter of live inches 
at least, the maxi mum size not being attained until twenty-four hours 
afterwards. The lenn>i“ratur(^ rises 1*5" to 2 ’ C., or mewe, the maximum 
generally occurring in from eight to sixteen hours. If the tein]»crature 
never rises as inucii as 1*5', the reaction is considered dou!>tl'ul. In the 
luigative reaction given by an animal fne; from glandei's, the rise of 
temiperaturc does not usually exceed 1°, the local swelling reaches the 
diaimdAU' of tliiaa' imdies at most, and has iiimdi diminished at the end 
of twamty-lbur hours. In the case of dry mallein, local reaction is less 
marked. Vetei'inary authoriti(es are. practically unanimous as to the 
great value of the mallein test as a jncaiis of diagnosis. 

Methods of Examination. — Microscopic examination in a 
case of suspected glaiuh'vs will at most reveal the presence of 
bacilli coiTes]>()ndiiig in their clianicters to the glanders bacillus. 
An absolute diagnosis cannot l)e made by this method. Cultures 
may be obtained by making successive strokes on blood serum or 
on glycerin agar (preferably the former), and incubating at 37"" C. 
The colonies of the glanders bacillus do not a})|)ear till two days 
after. This method often fails unless a consideral)le number of 
the glanders bacilli ai’e present. Another method is to dilute the 
secretion or pus with sterile xvater, to varying degrees, and then 
to smear the surface of potato with the mixture, the potatoes 
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being incubated at the above temperature. The colonies on 
potatoes may not appear till the third day. The most certain 
method, however, is by inoculation of a guinea-pig, either by 
subcutaneous or iiitraperitoneal injection. By the latter method, 
as above described, lesions are much more rapidly produced, and 
are more characteristic. If, however, there have been other 
organisms present, the animal may die of a septic peritonitis, 
though even in such a case the glanders bacilli will be found to 
be more numerous in the tunica vaginalis, and may be cultivated 
from this situation. It is extremely doubtful whether the 
application of maliein to diagnosis of the disease in the human 
subject is justifiable. There is a certain risk, that it may lead 
to the lesions assuming a more acute character ; moreover, 
culture and inoculation tests are generally available. In the 
case of horses, etc., a diagnosis will, however, be much more 
easily and rapidly effected by means of maliein. 

IIhinoscleroma. 

This disease is considered here as, from the anatomical 
changes, it also l)elongs to the group of infective granulomata. 
It is characterised by the occurrence of chronic nodular 
thickenings in the skin or mucous membrane of the nose, or 
in the mucous membrane of the }>harynx, laiynx, or upper part 
of the trachea. Tlie nodules are of considerable size, sometimes 
as large as a pea ; in the earlier stages they are comparatively 
smooth on the surface, but latei* they become shrunken and the 
centre is often retracted. The disease is scarcely ever met with 
in this country, but is of not very uncommon occurrence on the 
Continent, especially in Austria and Poland, In the granulation 
tissue of the nodules there are to be found numerous round and 
rather large cells, which have peculiar characters and are often 
known as the cells of Mikulicz. Their protoplasm contains a 
collection of somewhat gelatinous material which may fill the 
cell and push the nucleus to the side. Within these cells there 
is present a chai'acteristic bacillus, occurring in little clumps or 
masses chiefly in the gelatinous material. A few bacilli also lie 
free in the lymphatic si)aces around. This organism was first 
observed by Frisch, and is now known as the bacillus of 
rhinoscleroma. The bacilli have the form of short oval rods, 
which, when lying separately, can be seen to possess a distinct 
capsule, and which in all their microscopical characters correspond 
closely with Friedlander’s pneuinobacillus. They are usually 
present in the lesions in a state of purity. It was at first stated 



RHINOSCLEEOMA 


285 


that they could be stained by Gram’s method, but more recent 
observations show that like Friedlander’s organism they lose the 
stain. 

From the affected tissues this bacillus can be easily cultivated 
by the ordinary methods. In the characters of its growth in 
the various culture media it presents a close similarity to that 
of the pneumobacillus, as it also does in its fermentative action 
in milk and' sugar-containing fluids. The nail-like appearance 
of the growth or gelatin is said to be less distinct, and the 
growth on potatoes is more transparent and may show small 
bubbles of gas ; but it is doubtful whether any distinct line of 
difference can be drawn between the two organisms so far as 
their microscopical and cultural characters are concerned. 

The evidence that the organisms described are the cause of 
this disease consists in their constant presence and their special 
relation to the affeaded tissues, as already described. From 
these facts alone it would ap})eai‘ probable that they are the 
active agents in the production of the lesions. Experimental 
inoculation has thrown little light on the subject, though one 
observer has described th(i })roduction of nodules on the 
conjunctivie of guinea-pigs. The relation of tlie rhinoscleroma 
organism to that of IViedliinder is, however, still a matter of 
doubt, and the matter has been further complicated by the fact 
that a bacillus possessing closely similar characters has been 
found to be very fre(piently present in ozeena, and is often 
known as the haeiUm ozmup.. The last-mentioned organism is 
said to liave more active fermentative i)Owers. From what has 
been stated it will be seen that a number of organisms closely 
allied in their morphological characters, have been found in the 
nasal cavity in healthy or diseased conditions. There is no 
doubt that rhinoscleroma is a si)ecific disease with well-marked 
cliaracters and it is (piite possible that one member of this group 
of organisms may be the causal agent, though indistinguishable 
from others by culture tests. There is, however, a tendency on 
the part of recent investigators to consider the “l)acillus of 
rhinoscleroma ” to be identical with the pneumobacillus and its 
])resence in the affected tissues to represent merely a secondary 
invasion. The subject is one on which more light is still 
required. 
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ACTINOMYCOSIS AND ALIJED DISEASES. 

Actinomycosis is tlic most important exam])le of a group of 
diseases produeed by streptotlirix organisms. It is related, by 
the charai'ters of the ^latliological elianges, to tlie diseases which 
have been described. The disease alTects man in common with 
certain of tlie domestic animals, though it is more fre(|uent in 
the latter, especially in oxen, swine, and horses. Tlie paivasite 
was first discoverc'd in the ox by Bollinger, and described by 
him in 1877, the name actinonn/ces or raf/ fuiH/ns being from its 
appearance a]»}>lied to it by the liotanist llarz. In 1878 Israd 
described the parasitinn th(‘- human subject, and in tlie following 
year .Ponfick identified it as being the same as that found in tlie 
ox. Since that time a large number of cases have bemi observed 
in the liunian subject, the result of investigation being to show 
that it affects man much more freijucntly than was formerly 
sup])osed. 

it is, however, to be noted that the tei'in “ actinomyccs,” as 
originally used, does not re|>rcsent one jiarasitc but a number of 
closely allied s}>ecies, as cultures obtaimsl IVoni various sources 
have |»res(‘nted considerable ditlerenc.es ; and, furtlier, it is noted 
that other distinct sjiecies of stn'jitothrix have Ixhui cultivated 
from isolated cases of disease in tlie human subject whore the 
lesions resembled more or less closely those of actinomycosis. 
In one or two instances the organism has been found to be 
‘‘acid-fast,’’ and there is no doubt that the actinoinyces grou)) is 
closely related through intermediate forms with the tubercle 
group {vide p. 239). 

Naked-eye Characters of the Parasite.— The actinomyces 
grows in the tissues in tlie form of little round masses or colonies, 
which, wlicn fully developed, are easily visible to the naked eye, 
the largest lieing about the size of a small pin’s head, whilst all 
sizes below this may be found. When su])puration is present, 
286 
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they lie free in the pus ; when there is no suppuration, they are 
embedded in the granulation tissue, but are usually surrounded 
by a zone of softer issue. They may be transparent or jelly- 
like, or they may be opaque and of various colours — white, 
yellow, greenish, oi’ almost black. The appearance depends 
upon their age and also iq^on their structure, the younger colonies 
being more or less transparent, the older ones being generally 
opaque. Their colour is modihed by the presence of pigment 
and by degenerative change, which is usually accomj>anied by a 
yellowish coloration. They are genci-ally of soft, sometimes 
tallow-like, consistence, though sometimes in the ox th(^y are 
gritty, owing to the presence of calcareous de])osit. They may 
be readily found in the jnis by s]>reading it out in a tliin layer 
on a glass slide and holding it iq) to the light. They are some- 
times described as being always of a distinctly ycillow colour, 
but this is only occasionally the case ; in fact, in the human 
subject tliey occur niucli mon' frequently as small specks of 
senii-transluccnt ap] >caran{^e, and of greenish-grey tint. 

Microscopical Characters.— Tlie ]>arasite, which is now 
generally regarded as Ix'longing to the streptothrix grou}) of the 
higher bacteria (]). 14), ])rcs(‘nts ])leomorphous characters. In 
the colonies, as they grow in the tissues, three mor])hological 
(dements may be descril)ed, namely, filaments, coccus-like bodies, 
and chibs. 

1. The fihwienis are comparatively thin, measuring about 
*0 ji in diameter, but they are often of great length. They are 
coin|>osed of a central ju'otoplasm enclosed by a sheath. The 
latter, which is most easily made out in the older tilaments with 
granular jirotoplasm, ocx^asionally contains gianules of dark 
])ignient. In the centre of the colony the filanumts interlace 
with one anotln'r, and form an irregular network which may be 
loose or (hnse ; at the ])eri)ihery they are often arranged in a 
somewhat radiating mannei', and run outwards in a wavy or even 
spiral course. Idiey also sliow^ true biandiing, a character 
wliicli at once distingui.shes them from tlie ordinary bactei’ia. 
Between the tilaments tlua’c' is a tinely granular or homogeneous 
ground sulistance. Most of tlio colonies at an early stage are 
chiefly constituted liy filaments loosely arranged; Imt later, ]>art 
of the growdh may become so dense that its structure cannot be 
made out. This dense })art, starting excentrically, may grow' 
round tlu‘ colony to form a hollow' sphere, from the outer 
surface of wliich filaments radiate for a short distance (Fig. 9G). 
The filaments usually stain uniformly in the younger colonies, 
but some, especially in the older colonies, may be segmented so 
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as to give the appearance of a chain of bacilli or of cocci, though 
the sheath enclosing them may generally be distinguished. 
Eod-shaped and spherical forms may also be seen lying free. 

2, Spores or Gonidia . — Like other species of stre])totlirix the 
actinomyces when growing on a culture medium shows on its 
surface filaments growing upwards in the aii-, the protoi)lasm of 
which becomes segmented into rounded spores or gonidia. In 
natural conditions outside the body these gonidia l)ecoine free 



Fig. 9(). — Actinomynosis of liuiiian liver, sliowhig a colony of tlie parasite 
coinposeil of a felted mass of lilaments surrounded l)y jais. 

Paraftin section ; stained by (Iram’s method and witli safraniii. x .'lOO. 


and act as new ccmtres ])y growing out into filanumts. Tliey 
have somewhat liigher powers of resistance than tlie filainonts, 
thougli less than the spores of most of the lower bacteria. An 
exposure to 75° C. for half an hour is suflicient to kill most 
streptothrices or their spores; cultures (‘ontaining spores can 
resist a temperature from five to ten degrees liigher than spore- 
free cultures (Foiilerton). It is probable that some of the 
spherical bodies formed within filaments when growing in the 
tissues have the same significance, ie. are gonidia, whilst others 
may be merely the result of degenerative change. Loth the 
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filaments and the spherical bodies are readily stained by 
Gram’s method. 

3. Clubs . — These are elongated pear-shaped bodies which are 
seen at the periphery of the colony, and are formed by a sort of 
hyaline swelling of the sheath around the free extremity of a 
filament (1^'igs. 97, 98). They arc usually homogeneous and 
structureless in appearance. In the human subject the clubs are 



Fig. 97 . — Actinoiiiyees in huniaii kidney, showing (dubs radially arranged 
and siMTOuiided by pus. Tlie lilaiiient.s had prae.tically disappeared. 

Parahin section ; stained witli haunatoA-ylin and rul)in. x 500 . 

often comparatively fragile structures, which are easily broken 
down, and may sometimes be dissolved in water. Sometimes 
they are well seen when examined in the fresh condition, but in 
hardened s|)ccimens are no longer distinguishable. In specimens 
stained by Gram’s method they are usually not coloured by the 
violet, but take readily a contrast stain, such as picric acid, 
rubin, etc; sometimes a darkly-stained filament can be seen 
running for a distance in the centre, and may have a knob-like 
extremity. In many of the colonies in the human subject the 
clubs are absent. In the ox, on the other hand, where there are 
19 
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much older colonies, the clubs constitute the most prominent 
feature, whilst in most colonies the filaments are more or less 
degenerated, and it may sometimes be impossible to find any. 
They often form a dense fringe around the colony, and when 
stained by Gram’s method retain the violet stain. They have, 
in fact, undergone some further chemical (bange which produces 
the altered staining reaction. Occasionally in very chronic 



Fia. 98.— Colonies of actiiiomyces, showing general stmctural arrangement 
and clubs at periphery. From pus in human subject. 

Stained Gram and salranin. x 60. 

lesions in the human subject the clubs stain with Gram’s 
method. Clubs showing intermediate staining reaction have 
been described in the ox by M‘Fadycan. The club-formation 
probably represents a» means of defence on the part of the 
parasite against the phagocytes of the tissue : the view, formerly 
held, that the clubs are organs of fructifiention has now been 
generally abandoned. 

Tissue Lesions. — In the human subject the parasite pro- 
duces by its growth a chronic inflammatory change, usually 
ending in a suppuration which slowly spreads. In some cases 
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there is a comparatively large production of granulation tissue, 
with only a little softening in the centre, so that the mass feels 
solid. This condition is sometimes found in the sulxmtaneous 
tissue, especially when the disease has not advanced far, and 
also in dense fibrous tissue. In most cases, however, and 
especially in internal organs, suppuration is the outstanding 
feature ; this is associated with abundant growth of the parasite 
in the lilamentous form ])resenting a honeycomb appearance. 
In an organ such as tlie liver, multiple foci of su])])uration are 
seen at the spreading margin of the disease, wliilst the colonies 
of the parasite may bo seen in the pus with the naked eye. In 
the older parts the al)scesses have become confluent, and formed 
large areas of suppuration. The pus is usually of greenish- 
yellow colour, and of somewhat slimy character. 

In cattle the tissue reaction is more of a formative ty[)e, 
there being abundant growth of granulation tissue, which may 
result in large tumour-like masses, usually of more or less 
nodulated character, and often consisting of well-developed 
flbrous tissue containing areas of younger formation in which 
irregular abscess formation is usually present. The cells immedi- 
ately around the colonies are usually irreguhirly rounded, or may 
even be somewhat columnar in shape, whilst farther out they 
become spindle-sha|)ed and concentrically arranged. It is not 
uncommon to find leucocytes or gramdation tissue invading the 
substance of the colonies, and portions of th(> ])arasite, etc., may 
be contained within leucocytes or within small giant-cells which 
are sometimes ])resent. A similar invasion of old colonies by 
leucocytes is sometimes seen in human actinomycosis. 

Orufln ami Distrilmtum of Lesions . — The lesions in the 
human subject may occur in almost any j)art of the body, the 
paths of entrance being very various. In many cases the 
entrance takes jdace in the region of the mouth — probably 
around a decayed tooth — by the crypts of the tonsil, or by some 
abrasion. Swelling and su]»puration may then follow in the 
vicinity and may spread in various directions. The periosteum 
of the jaw or the vertebne may thus become affected, caries or 
necrosis resulting, or the pus may spread deeply in the tissues of 
the neck, and may even ])ass into the mediastinum. Occasionally 
the ])arasite may enter the tissues from the cesophagus, and in a 
considerable number of cases the primary lesion is in some part 
of the intestine, generally of the large intestine. The parasite 
penetrates the wall of the bowel, and may be found deeply 
between the coats, surrounded by purulent material. Thence it 
may spread to the peritoneum or to the extrai)eritoneal tissue. 
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much older colonies, the clubs constitute the most prominent 
feature, whilst in most colonies the filaments are more or less 
degenerated, and it may sometimes be impossible to find any. 
They often form a dense fringe around the colony, and when 
stained by Gram’s method retain the violet stain. They have, 
in fact, undergone some further chemical change which produces 
the altered staining reaction. Occ^isionally in very chronic 
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Fig. 98. —Colonies of actinoinyces, showing general structurfil arrangement 
and clubs at periphery. Fi-om pus in human subject. 

Stained Gram and salranin. x 60. 


lesions in the human subject the clubs stain with Gram’s 
method. Clubs showing intermediate staining reaction have 
been described in the ox by M‘Fadyean. The club-formation 
probably represents means of defence on the part of the 
parasite against the phagocytes of the tissue : the view, formerly 
held, that the clubs are organs of fructification has now been 
generally abandoned. 

Tissue Lesions. — In the human subject the parasite pro- 
duces by its growth a chronic inflammatory change, usually 
ending in a suppuration which slowly spreads. In some cases 
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there is a comparatively large production of granulation tissue, 
with only a little softening in the centre, so that the mass feels 
solid. This condition is sometimes found in the subcutaneous 
tissue, especially when the disease has not advancc'd far, and 
also in dense fibrous tissue. In most cases, however, and 
especially in internal organs, suppuration is the outstanding 
feature ; this is associated with abundant growth of the parasite 
in the filamentous form ])resenting a honeycomb appearance. 
In an organ such as the liver, multiple foci of su])puration are 
seen at the spreading margin of the disease, whilst the colonies 
of the parasite may be seen in the pus with the naked eye. In 
the older parts the abscesses have become confiuent, and formed 
large areas of su])puration. The pus is usually of greenish- 
yellow colour, and of somewhat slimy character. 

In cattle the tissue reaction is more of a formative ty])e, 
there being aluindaiit growth of granulation tissue, which may 
result in large tumour-like masses, usually of more or less 
nodulated character, and often consisting of well-developed 
fibrous tissue containing areas of younger formation in which 
irregular abscess formation is usually present. The cells immedi- 
ately around tlie colonies are usually irregulai’ly rounded, or may 
even be soniewliat columnar in shape, whilst farther out they 
become spindle-shaped and concentrically arranged. It is not 
uncommon to find leucocytes or granulation tissue invading the 
substance of the colonies, and portions of the ]iarasite, etc., may 
be contained within leucocytes or within small giant-cells which 
are sometimes present. A similar invasion of old colonies by 
leucocytes is sometimes seen in human actinomycosis. 

Orujin and IXstrihutm^ of LeHions . — The lesions in the 
human subject may occur in almost any part of the body, the 
paths of entrance being very various. In many cases the 
entrance takes |)]ace in the region of the mouth — ])robably 
around a decayed tooth — by the crypts of the tonsil, or by some 
abrasion. Swelling and sup[)uration may tlnm follow in the 
vicinity and may spread in various directions. The |)eriosteum 
of the jaw or the vertebne may thus become affected, caries or 
necrosis resulting, or the pus may spread deeply in the tissues of 
the neck, and may even i)ass into the mediastinum. Occasionally 
the parasite may enter the tissues from the tesophagus, and in a 
considerable number of cases the primary lesion is in some part 
of the intestine, generally of the large intestine. The parasite 
penetrates the wall of the bowel, and may be found deeply 
between the coats, surrounded by purulent material. Tlience it 
may spread to the peritoneum or to the extraperitoneal tissue, 
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the retrocaecal connective tissue and that around the rectum 
being not uncommonly seats of suppuration produced in this 
way. A peculiar affection of the intestine has been described, 
in which slightly raised plaques are found both in the large and 
small intestines, these plaques being composed almost exclusively 
of masses of the actinomyces along with epithelial colls. This, 
however, is a rare condition. The path of entrance may also be 
by the respiratory passages, the primary lesion being jnilmonary 
or peribronchial ; extensive suppuration in the lungs may result. 
Infection may also occur by the skin surface, and lastly, by the 
female genital ti-act, as in a case i*ecorded by Grainger Stewart 
and Muir, in wliicli both ovaries and both Eallo])ian tubes were 
affected. 

When the parasite has invaded the tissues by any of these 
channels, secondary or “ metastatic ” abscesses may occur in 
interiifil organs. The liver is the organ most fre([uently affected, 
though abscesses may occur in the lungs, brain, kidneys, etc. 
In such cases the s|)read takes ])lace by the blood stream, and it 
is possible tliat leucocyte's may be the carriers of the infection, 
as it is not uncommon to find leucocytes in the neighbourhood 
of a colony containing small portions of the filaments in their 
interior. 

In the ox, on the other hand, the disease usually remains 
(]uitc local, or spreads by continuity. It may produe-e tumour- 
like masses in the region of tlie jaw or neck, or it may specially 
affect the palate or tongue, in the latter produdng enlargement 
and indumlion, with nodular thickening on the surface — the 
condition known as “ woody tongue.” 

Source of the Faradte . — There is a considerable amount of 
evidence to show that outside the body the parasite grows on 
grain, especially on barley. Both in the ox and in the pig the 
parasite has been found growing around fragments of grain em- 
bedded in the tissues. There are besides, in the case of the 
human subject, a certain number of cases in which there was a 
history of penetration of a mucous suiLu^e by a portion of grain, 
and in a considerable pro])ortion of cases the patient has been 
exposed to infection from this source. Tlie position of the 
lesions in cattle is also in favour of sucli a view. 

Cultivation (for methods of isolation see later). — The de- 
scriptions of the cultures obtained by various investigators differ 
in essential particulars, and there is no doubt that the organisms 
described are different. The following is the account of the 
organism as cultivated by Eostrbm ; — 

On agar or glycerin agar at 37° C., growth is generally 
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visible on the third or fourth day in the form of little transparent 
drops which gradually enlarge and form rounded projections of 
a reddish-yellow tint and somewhat transparent appearance, like 
drops of amber. The growths tend to remain separate, and even 
when they become confluent, the nodular character is maintained. 
They have a tough con- 


sistence, b(dng with difli- 
ciilty broken u]), and ad- 
here firmly to the surface 
of the agar. Older growths 
often sliow on the surface 
a sort of corrugated aspect, 
and may sometimes pre- 
sent the appearance of 
having been dusted with 
a brownish-yellow powder 
(Fig. 9!)). 

In the cultures at an 
early stage the growth is 
composed of branching 
filaments, which stain 
uniformly (Fig. iOO), but 
later some of tbe super- 
ficial filaments may show 
segmentation into gonidia. 
Slight bulbous tliicken- 
ings may be seen at the 
end of some of the fila- 
ments, but true clubs 




have not been ol;)served. 


On gelatin the same 
tendency to grow in little 
spherical masses is seen, 
and the medium becomes 
very slowly liquefied. 


Fi(i. 99. — (.Uiltures of tlie actinoiiiyces on 
glycerin agar, of alxuit tliree weeks’ growth, 
sliowiiig tlic appearances whicli occur. The 
growth ill A is at places somewhat corru- 
gated on the surface. Natural size. 


When this occurs the liquefied portion has a brownish colour 


and somewhat syrui)y consistence, and the growths may be seen 


at the bottom, as little balls, from the surface of which filaments 


radiate. 


The organism obtained in culture by Wolff and Israel {vide 
infra) is probably the same as the one which has been recently 
described in detail by J. H. Wright, who obtained it in pure con- 
dition from fifteen different cases of tlie disease. It diff’ers markedly 
from Bostrdm’s organism in being almost a strict anaerobe and in 
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ceasing to grow at a temi)erature a little below that of the body. 
Under ordinary aerobic conditions either no growth occurs or 
it is of a very slight character. On the surface of agar under 
anaerobic conditions the organism ])roduces dense rounded 
colonies of greyish -white colour, which sometimes assume a 
rosette form. A somewhat curious feature of growth is described 
by AYriglit, namely, that in a shake culture in glucose agar the 
colonies are most numci-ous, and form a dense zone about half 
an inch from the surface of the medium, that is, at a level 

where there is presum- 
ably a mere trace of 
oxygen obtainable (Fig, 
101). In bouillon, growth 
takes place at t he bottom 
of the medium in rounded 
masses which afterwards 
undergo disintegration . 
Wright found when tlie 
organism was grown in 
the presence of serum or 
other animal Iluids that 
the formation of true 
clubs occurred at the ex- 
tremity of some of the fila- 
ments (Fig. 102). From 
the conditions under 

Fia lOO.-Actiiioinyces, from ii ciiltiire on 

dycerin agar, showing tlie branclmig ot • • i • i ^ ^ 

tlic filaments. regard 

fStaiiied with fiichsili. xlOOO. it as a true parasite, 

and doubts whether it 
can have a sapro])hytic existence outside the body, e.g. on grain. 
He is also of opinion that all cases of true actinomycosis, i.e. cases 
where colonies visible to the naked eye are present, are probably 
produced by one sjiecies, and that the aerobic organisms obtained 
by Bostrum and others are probably accidental contaminations. 
It is quite evident that further investigations are required in 
the light of the results detailed. Certainly the parasite in 
many cases of actinomycosis in the human subject does not 
grow on ordinary media under aerobic conditions as Bostrom’s 
organism docs. 

Varieties of Actinomyces and Allied Forms.— It is probable that in 
the cases of the disease described in tlie human subject there is more 
than one variety or species of parasite belonging to the same group. 
Gasperini has described several varieties of adinomyces boms according 
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to tlie colour of the growths, 
and a similar condition may 
obtain in the case of the 
human subject. Furtlier- 
niore a considerable number 
of streptotlirices liave been 
found in cases of disease in 
the liuman subject, the as- 
sociated lesions varying in 
character from tubercle-like 
nodules on the one hand to 
siijjpurativc procosseson the 
othm-. The organisms culti- 
vated from such sources 
dilfer according to their 
microscopic characters (for 
exam[)le, some form “clubs” 
whilst others do not) a(!- 
cording to their conditions 
of growth, staining reac- 
tions, etc. Of these only a 
few (ixamples may here, be 
mentioned, but it may be 
noted that the importance 
of the stre[itothrices as 
caaises of disease is con- 
stantly b(‘ing extended, 
Wollf and Israel cultivated 
from two cases of “actino- 
mycosis ” in man a strep- 
tothrix which dilfers in so 
many important points from 
the actinomyces of Bostrimi 


that it is now regarded 
as a distinct s pecies. An- 
other sjiecies was culti- 
vated by E[)pinger from a 
brain abscess, and called 
by him “cladothrixaster- 
oides,” frean the appear- 
ance of its colonies on 
culture media. A case 
of general streptothrix 
infection in the human 
subject described by 
MacDonald was probably 
duo to the same organism 
as Eppinger’s. In the 
tissues it grows in a 
somewhat dilfusemanner 
and does not form clubs ; 

^ For Figs. 101 and 102 
we are indebted to Dr, J. Homer Wright of Boston, U.S.A. 



Fia, 102. — Section of a colony of actinomyces 
Irom a culture in blood serum, showing the 
formation of clubs at the periphery, x 1500. 



Fig, 101.' — Shake cultures of actinomyces in 
glucose agar, showing the maximum 
growth at some distance from the sur- 
face of the medium. 
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in rabbits and guinoa-pigs it produces tubercle-like lesions. Flexner 
observed a streptotlirix in the lungs associated with lesions somewhat like 
a rapid phthisis, and applied the name “pseudo-tuberculosis hominis 
stre[)tothricca ” ; an apparently similar condition lias been described by 
Buchliolz. Berestnew cultivated two species of streptotlirix from 
su|)piirative lesions, one of wliieli is acid -fast and grows only in 
anaerobic conditions. Birt and Leishman have described another acid- 
fast streptotlirix obtained from cirrhotic nodules in the lungs of a man. 
This organism grows readily on ordinary media, forming a wliite 
powdery growth which afterwards assumes a pinkish colour ; it is 
patliogenic for guinea-pigs, in which it causes caseous lesions. There 
is, further, the streptotlirix madume described below. 

In diseases of the lower animals several other forms have been found. 
For example, a streptotlirix has been shown by Nocard to be the cause 
of a disease of the ox,— “farcin du boeuf,” — a disease in which also 
there occur tumour -like masses of granulation tissue, Dean has 
cultivated from a nodule in a horse another stri'ptothrix, which produces 
tubercle-lik(! nodules in the rabbit with club-formation ; it has close 
resemblances to the organism of Israel and AVollf, The so-called 
diphtheria of calves and “bacillary m^crosis” in the ox a, re probalily 
boLli ju'oduced by another strejitothrix or lejitothrix, which grows 
dilfusely in the tissues in the form of line felted hiaments. Further 
investigation may show that some of these or other siiecies may occur 
ill the human subject in conditions which are not yet dilferentiated. 

Experimental Inoculation. — Inoculation of smaller animals, 
such as rahhits and guinea-piigs, lias usually failed to give positive 
results. This was the case, for example, in the important series 
of experiments by Bostriim, and it may be assumed that these 
animals are little suscojitible to the actinomyces. The disease 
has, however, been exjierimen tally produced in tlie bovine sjiocies 
both by cultures from the ox and from the human subject. 
Inoculation with tin; organism of Israel and Wollf produces 
nodular lesions both in rabbits and in guinea-pigs, while Wiight 
found that cliaractcristic colonics and lesions resulted although 
the parasite did not grow to any great (‘xtent. iSeveral of tlie 
other species of streptotlirix have been found to piossess active 
patbogcmic proiaudies. 

Methods of Examination and Diagnosis. — As actinomycosis 
cannot lie diagnosed with certainty apart from the discovery of 
the parasite, a careful examinatiou of tlie pais in obscure cases 
of suppuration should always be undertaken. As already stated, 
the colonies can be recognised with the naked eye, espiccially 
when some of tlie jais is spread out on a piiece of glass. If one 
of these is waslied in salt solution and examined unstained, tlie 
clubs, if present, are at once seen on microscojiic examination. 
Or the colony may be stained witli a sirnpile reagent such as 
picrocarmine, and mounted in glycerin or Farrant’s solution. 
To study the filaments, a colony should be broken down on a 
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cover-glass, dried, and stained with a simple solution of any of 
the basic aniline dyes, such as gentian-violet, though better 
results are obtained by carbol-thionin-blue, or by carbol-fiichsin 
diluted with five parts of water. If the sj)ecinien be over-stained, 
it may be decolorised by weak acetic acid. Cover-glass prepara- 
tions of this kind, and also of cultures, are readily stained by 
these methods, but in the case of sections of the tissues Cram’s 
method, or a modification of it, should be used to show the 
filaments, etc., a watery solution of acid fuchsin being afterwards 
used to stain the clubs. By this method, very striking i)repara- 
tions may be obtained. 

Cultures sliould be mad(i both under aerobic and anaerobic 
conditions. Tubes of agar or glycerin agar should be inoculated 
and incubated at 37° C. ; dt'ej^ tubes of melted glucose agar 
should also be used, the inoculated material l)eing diffused 
through tlie medium, se^jarate colonies may thus be obtained. 
Owing to the slow growth of the actinomyces, however, the 
obtaining of pure cultures is difficult, unless th(‘ i)us is free from 
contamination with other organisms. 


Maduka Disease. 

Madui’a disease oi' mycetoma resembles actinomycosis both 
as 1 ‘egards the general charactei’s of the lesions and the occurrence 
of the i)arasite in the; form of colonies or ‘‘granules.” There is 
no doubt, however, that the two conditions are distinct, and it 
also appears established that the two varieties of ^ladura disease 
(^vide infra) ai’e ])roduced by diffei-ent organisms. This disease 
is comparatively common in India and in various other parts of 
the tropics : it has also been met with in Algiers and in America. 
Madura disease differs from actinomyces not only in its geo- 
graphical distribution but also in its clinical characters. Its 
course, for exam])le, is of an extremely chronic nature, and 
though tlie local disease is incurable exce}>t by operation, the 
parasite nevor produces secondary lesions in internal organs. 
Vincent also found that iodide of potassium, which has a high 
value as a thera})eutic agent in many cases of actinomycosis, had 
no effect in the case of Madura disease studied by him. It most 
fre(|uently affects the foot ; hence the disease is often spoken of 
as “ Madura foot.” The hand is rarely affected. In the parts 
affected there is a slow growth of granulation tissue which has an 
irregularly nodular character, and in the centre of the nodules 
there occurs purulent softening which is often followed by the 
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formation of fistulous openings and ulcers. There are great en- 
largement and distortion of the part and frequently caries and 
necrosis of the bones. Within the softened cavities and also in 
the spaces between the fibrous tissue, small rounded bodies or 
granules, bearing a certain resemblance to the actinomyces, are 
present. These may have a yellowish or pinkish colour, com- 
|)ared from their appearance to fish roe, or they may be black 
like grains of gunpowder, and may by their conglomeration 
form nodules of considerable size. Hence a pale variety and 
a black variety of the disease have been distinguished ; in both 
varieties the. granules mentioned reach a rather larger size 

than in actinomycosis, 
vt These two conditions will 
\ N be considered separately. 

W Ju / PaleVariety. — When 

^ roe-like granules arc 

y/V ' examined microscopic- 

'1^' " p ally, th(‘y are found, like 

the actinomyces, to show 
N. in their interior an abun- 
^ ■ ' / - ^ branching 

' '■ 'cx ' \ ' / ^l^^i^^cnts with mycelial 

'"JLjK \ %' arrangement. There may 

wfly ■ V‘ ' - i'- also be t)resent at the 

a* * . ^ peri})hery club-like struc- 

' tures, as in actinomyces; 

" sometimes they arc ab- 

t, ..no r, 1 These structures 

riG. 103. — htreptotlinx M.-idura" sliowiii'r <•. i i ^ j 

brand, ing filaments. From a cultnre on elongated 

agar. Htaiued with carl)ol-tliioiiiii-bliie. wedge-sha]_)e, forming an 
X 1000. outer zone to the colony, 

and in some cases the 
filaments can be found to be connected with them. Vincent 


obtained cultures of the ];)arasite from a case in Algiers, and found 
it to bo a distinct species : it is now known as the st/r(ptothrix 
Madurve. Morphologically it closely resembles the actinomyces, 
but it presents certain differences in cultural characters. In 
gelatin it forms raised colonies of a yellowish colour, with 
umbilication of the centre, and there is no liquefaction of the 
medium. On agar the growth assumes a reddish colour; the 
organism flourishes well in various vegetable infusions in which 
the actinomyces does not grow. On all the media growth only 
takes place in aerobic conditions. Experimental inoculation of 
various animals has failed to reproduce the disease. There is 
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therefore no doubt that the streptothrix madurae and the 
actinomyces are distinct species. 

Black Variety. — The observations of J. H. Wright, who 
obtained jnire cultures of a hy|)homycete, show that this variety is 
a distinct affection from the i)alc variety. The pigment may be 
dissol ved by soaking the granules for a few minutes in hypochlorite 
of sodium solution, and the granules may then be crushed out 
beneath a cover-glass and examined microscoi)ical]y. The black 
granules arc composed of a somewhat homogeneous ground- 
substance impregnated witli pigment, and in this there is a 
mycelium of thick filaments or hy}>hse, many of the segments of 
which are swollen ; at the periphery the hypha; form a zone 
with radiate arrangement. In many of the older granules the 
parasite is largely degenerated and |)resents an amorphous a[)})ear- 
ance. Wright planted over sixty of the black granules in various 
culture media, and obtained cultures of a hyphomycete from 
about a third of these. The organism grows well on agar, 
bouillon, })otato, etc. ; on agar it forms a felted mass of greyish 
colour, and in old cultures black granules appear amongst the 
mycelium. Microscopically the parasite a}>})ears as a mycelium 
of thick branching filaments witli delicate transverse septa ; in 
tile older threads the segments become swollen, so that strings 
of oval-shaped bodies result. No signs of spore-formation were 
noted. Inoculation of animals with cultures gave negative 
results, as did also direct inoculation with the black granules 
from the tissues. 



CHAPTER XIII 

ANTHIIAX.1 

OTJlhin NAMKS. — SPLENKJ FEVER, MALKINANT PUSTULE, WOOL- 

BORTER’S disease. aiAiMAN, MILZRRANI); FJUmAI, CUARBON.^ 

Introductory. — Antlirax is a disease occurring e]>idemical]y 
among the herlhvora, es])ecial]y sliec]) and oxen, in wliich 
animals it has the characters of a ra])idly fatal form of 
septicaemia with s[)lenic enlargement, attended by an extensive 
multi} )lication of characteristic bacilli throughout tlie blood. 
The disease does not occmr as a natural affection in man, but may 
be communicated to him dii'cctly or indirectly from animals, and 
it may tlien a])})car in certainly two and ])Ossibly three forms. In 
the first there is infection througli the skin, in which a local lesion, 
the “ malignant ])ustule,” occurs. In the second form infection 
takes place througli tlie resjiiratory tract. Here very aggravated 
symptoms centred in the thorax, with rapidly fatal termination, 
follow. Thirdly, an infection may ]>robably take place through 
the intestinal tract, which is now the first ]>art to give rise to 
symptoms. In all these forms of the affection in the human 
subject, the bacilli are in their distribution mueli more re- 
stricted to the local lesions than is the case in the ox, their 
growth and spread being attended by inflammatory oedema 
and often by hemorrhages. 

Historical Summary. — Historical researches leave little doubt that 
from the earliest times autlirax has occurred among cattle. For a long 
time its patliology was not understood, and it went by many names. 


^ In even recent works on .surgery the term “antlirax” may be found 
applied to any form of carlmncle. Before its true patliology was known the 
local variety of tlie disease which occurs in man and which is now called 
“malignant pustule” was known as “malignant carbuncle.” 

This must be distinguished from “eharbon symptoniatique,” which is 
quite a different disease. 
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During the early part of last century much attention was paid to 
it, and, witli a view to finding out its nature and means of spread, 
various conditions attaching to its occurrence, such as those of soil and 
weather, were exhauslively studied. T’olleiider in 1819 poinl(‘d out that 
the blood of anthrax animals contained numerous rod-sliaped bodies 
which lie conjectured had some causal connection with the disease. In 1863 
Davaino announced that they were bacteria, and originated the name 
bacillus anthrnds. lie stated that unless lilood used in inoculation 
experiments on animals contained tliem, death did not ensue. Though 
this conclusion was disputed, still by the work of Davaine and others 
the causal relationship of the bacilli to the disease had been nearly 
established when the work of Koch appeared in 1876. This constituted 
that observer’s first contribution to bacteriology, and did much to clear up 
the whole subject. Koch confirmed Davaine’s view that the bodies were 
bacteria. lie observed in the blood of anthrax animals the appearance 
of division, and from this deduced that multiplication took place in the 
tissues. Ho observed them under the microscope dividing outside the 
body, and noticed spore formation taking place. He also isolated the 
bacilli in pure culture outside the body, and, by inoculating animals with 
them, ]iroduced the disease artificially. In his earlier experimcuits he 
failed to produce death by feeding susceptible animals both with bacilli 
and spores, and as the intestinal tract was, in his view, tlie natural patli 
of infection, he considered as incom]>lcte the proof of tliis method of the 
spontaneous occurrence of anthrax in herds of animals. Koch’s observa- 
tions were, shortly afterwards, confirmed in the main by Pasteur, 
though controversy arose between them on certain minor points. 
Moreover, further research showed that the disease could be produced 
in animals by feeding them with spores, and thus the way in which the 
disease might spread naturally wa.s explained. 

The Bacillus Anthracis. — Anthrax as a disease in man is of 
comparative rarity. Not only, however, is the bacillus anthracis 
easy of growth and rocognitiou, l)ut in its growTli it illustrates 
many of tlie general inor[)lK)logical characters of the w^hole group 
of bacilli, and is therefore of the greatest use to the student. 
Kurthcr, its beliaviour wdien inoculated in animals illustrates 
many of the ])oiiits raised in connection witli such difficult 
questions as tlic gmieral i)atli()genic effects of bacteria, immunity, 
etc. Hence an enormous amount of work has been done in 
investigating it in all its as[)ccts. 

If a drop of blood is taken immediately after deatli from an 
auricular vein of a cow, for example, which lias died from 
anthrax, and examined microscopically, it will be found to 
contain a great numlier of large non-motile bacilli. On making 
a cover-glass |)reparation from the same source, and staining with 
watery metliyleiie-blne, the cliaractors of the bacilli can be better 
made out. They are about 1’2 /x thick or a little thicker, and 6 
to 8 /X long, tliough both shorter and longer forms also occur. 
The ends are sliarply cut across, or may be sliglitly dimpled so 
as to resemble somewhat the proximal end of a phalanx. Their 
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protoplasm is very finely granular, and sometimes appears sur- 
rounded by a tbin unstained capsule. When several bacilli lie 
end to end in a thread, the capsule seems common to the whole 
thread (Fig. 108). They stain well with all the basic aniline dyes 
and are not decolorised by Gram’s method. 

Flate Cultures . — From a source such as that indicated, it is 
easy to isolate the bacilli by making gelatin or agar plates. If, 
after twelve hours’ incubation at 37“ C., the latter be examined 
under a low objective, colonies will be observed. They are to 
be recognised by beautiful wavy wreaths like locks of hair, 
radiating from the centre and apparently tci-minating in a point 

which, however, on ex- 
amination with a higher 
power is observed to be a 
filament wliicli turns u})oii 
itself (Fig. 104). The whole 
colony is, in fact, probably 
one long thread. Such 
colonies are very suitable^ 
for making im|)ression ])re- 
parations {vide ]). 118) 
which ]:)reserve perman- 
ently the a])pearances de- 
scribed. On examining 
such with a high power, 
the wreaths arc seen to bo 
made up of bundles of 
Fig, 104. — Surface colony of the antlnax h^iig filaments lying par- 
bacillus on an agar plate, showing the allcl with one another, each 
characteristic appearances, x 30. filament consisting of a 

chain of bacilli lying end 

to end, and similar to those observed in the blood (Fig. 105). 

On gelatin |)lates, after from twenty-four to thirty-six hours 
at 20“ C., the same appearances manifest themselves, and later 
they are accompanied by liquefaction of the gelatin. In gelatin 
plates, however, instead of the characteristically wreathed a])pear- 
ance at the margin, the colonies sometimes give off radiating 
spikelets irregularly nodulated, which produce a star-like form. 
These s[)ikelets are comjiosed of spirally twisted threads. 

From such plates the bacilli can be easily isolated, and the 
apfiearances of jiure cultures on various media studied. 

In houillon, after twenty-four hours’ incubation at 37“ C., 
there is usually the apjiearance of irregularly spiral threads 
suspended in the liquid. These, on being examined, are seen 
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to be made up of bundles of parallel chains of bacilli. Later, 
growth is more abundant, and forms a flocculcnt mass at the 
bottom of the fluid. 

In gelatin stab cultures, the characteristic a])i>earance can be 
best observed when a low proportion, say per cent, of gelatin 


Fig. lOf). — Aiitlinix Uacilli, in nliains, 

from a twenty-four hours’ culture on agar 
at 37“ C. 

Stained with fuclisin. x ] 000. 

is [)resent, and when the tube is directly 
inoculated from antlirax blood. In 
al)out two days there radiate out into 
the medium from the needle track 
numberless very line s[)ikelets which 
enable the cultures to be easily recog- FnUOe.-Stab culture of 
nised. These spikelets are longest at the anthrax l.acillus in 
the uj)])er part of the needle track peptone-gelatin ; .seven 
(Fig. 106). Not much spread takes days’ growth. It. shows 

place on the surface of the gelatin, ‘''““spiMsg” and also, 

I ® ’at the surface, com- 

but here iupiefaction commences, and fencing liquefaction, 
gradually spreads down the stab and Natural size, 
out into the medium, till the whole 
of the gelatin may be liquefied. Gelatin slope cultures exhibit 
a thick felted growth, the edges of which show the wreathed 
appearance seen in plate cultures. Licpiefaction here soon 
ploughs a trough in the surface of the medium. Sometimes 
“spiking^' does not take place in gelatin stab cultures, only 
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little round particles of growth occurring down the needle track, 
followed by liquefaction. As has been shown by Bichard Muir, 
this property of spiking can be restored by growing the bacillus 
for twenty-four hours on blood agar at 37° C. Agar sloped 
cultures have the appearance of similar cultures in gelatin, 
though, of course, no liquefaction takes place. 

Blood serum sloped cultures present the same appearances as 
those on agar. The margin of the surface growth on any of the 
solid media sliows the characteristic wreathing seen in plate 
colonies. 

On potatoes there occurs a thick felted white mass of bacilli 
showing no special characters. Such a growth, however, is useful 
for studying sporulation. 

The anthrax bacillus will thus grow readily on any of the 
ordinary media. It can usually be sufficiently recogtiised by its 
microscopic appc'arance, by its growth on agar or gchatin plates, 
and by its growth in gelatin stab cultunjs. The growth on 
plates is specially characteristic, and is simulat('d by no other 
pathogenic organism. 

The Biology of the B. Anthracis. — Koch found that the 
bacillus anthracis grows b(‘st at a tem|)era.ture of 35“ C. Growth, 
i.e. multiplication, does not take place below 12” C. or above 
45° C. In the spore-free condition the bacilli liave comparatively 
low powers of resistance, I'hey do not stand long exposure to 
00° C., and if kept at ordinary temt>oraturc in the dry condition 
they are usually found to bo dead after a few days. The action 
of the gastric juice is rapidly fatal to them, and tliey are accord- 
ingly destroyed in the stomachs of healthy animals. They are 
also soon killed in the process of putrefaction. They can, how- 
ever, be cooled below the freezing-point without dying. The 
bacillus can grow without oxygen, but some of its vital functions 
are best carried on in the })rescnco of this gas. Thus in anthrax 
cultures the liquefaction of gelatin always commences at the 
surface and spreads downwards. Growth is more rapid in the 
presence of oxygen, and spore formation does not occur in its 
absence. The organism may be classed as a facultative anaerobe. 

Bpoimlaiion . — Under certain circumstances sporulation occurs 
in anthrax bacilli. The morphological appearances are of the 
ordinary kind. A little highly retractile speck appears in the 
protoplasm about the centre of the bacillus; this gradually 
increases in size until it forms an oval body about the same 
thickness as' the bacillus lying in the bacillary protoplasm (Fig. 
107). The 'fatter gradually loses jits staining capacities and 
finally disappears. The spore thus lies free as an oval highly 
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refractile body wMch does not stain by ordinary methods, but 
which can be easily stained by the special methods described 
for such a purpose (p. 102). When the spore is again about to 
assume the bacillary form the capsule is apparently absorbed, 
and the protoplasm within grows out, taking on the ordinary rod- 
shaped form. 

According to most observers sporulation never occurs within 
the body of an animal suffering from anthril?c. Koch attributes 
this, probably rightly, to the absence of free oxygen. The latter 
gas he found necessary to the occurrence of spores in cultures 
outside the body. Many, however, are inclined to assign as the 
cause of sporulation the 
absence of the optimum 
j)abulum, which in the case 
of anthrax is afforded by 
the animal tissues. Besides 
these conditions tliere is 
another factor necessary 
to sporulation, viz. a suit- 
able temperature. The 
optimum temi)erature foi- 
s|)ore |.)roduction is 30" C. 

Kocli found that spore 
formation did not occur 
below 18° C. Above 42° 

C. not only does sporula- 
tion cease, but Pasteur 
found that if bacilli were 
kept at tliis tcni[)erature 
for eight days they did not 
regain the capacity wlien 
again grown at a lower 
temperature. In order to make them again capal)le of sporing 
it is necessary to adopt special measures, such as passage through 
the bodies of a series of susce|)tible animals. 

Anthrax spores have extremely high ])Owcrs of resistance. 
In a dry condition they will remain viable for a year or more. 
Koch found they resisted boiling for live minutes ; and dry heat 
at 140° C. must be applied for several hours to kill them with 
certainty. Unlike the bacilli, they can resist the action of the 
gastric juice for a long period of time. They are often used 
as test objects by whicli the action of germicides is judged. For 
this purpose an emulsion is made l)y scraping off a surface 
culture and rubbing it up in a little sterile water. Into this 
20 



Fi(J. 107. — Autlirax bacilli t oiiiaiiiiiig spores 
(the (larlvly coloureil Itodies) ; from a 
three iliiys’ culture on agar at 37" V. 
Sta,iiio.<l with carbol-fuchsiii ami incthylene- 
1.1 lie. X 1000. 
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sterile silk threads are dipped, which, after being dried over 
strong sulphuric acid in a desiccator, can be kept for long 
periods of time in an unchanged condition. For use they are 
placed in the germicidal solution for the desired time, then 
washed with water to remove the last traces of the reagent and 
laid on the surface of agar or placed in bouillon, in order that if 
death has not occurred growth may be observed [see Chap. IV.). 

Anthrax in Animals. — Anthrax occui’s from time to time 
epidemically in sheep, cattle, and, more rarely, in horses and 
deer. These epidemics are found in various parts of the world, 
although they are naturally most far-reaching where legal pre- 
cautions to prevent the spread of infection are non-existent. 
All the countries of Euro |)0 are from time to time visited by the 
disease, but in some it is much more conirnon than in others. 
In Britain the death-rate is small, but in France tlu? annual 
mortality among sheep was prol)ably 10 per cent of the total 
number in the country, and among cattle 5 ])er cent. These 
figures, however, liave lieen largely modified by the system of 
preventive treatment whicli will be jiresently described. In sheep 
and cattle the disease is s]>ocially virulent. An animal may 
suddenly drop down, with symptoms of colla])se, quickening of 
pulse and respiration, and dyspna'a, and death may occur in 
a few minutes. In less acute cases the animal is ajiparently out 
of sorts, and docs not feed ; its juilse and resi)iration arc 
quickened ; rigors occur, succeeded l>y high temperature ; there 
is a sanguineous discharge from the bowels, and. bloody mu(‘us 
may be observed about the mouth and nose. There may lie 
convulsive movements, there is ])rogressivc weakness, with cyanosis, 
death occurring in from twelve to forty-eight hours. In the 
more prolonged cases widespread (udeina and extensive enlarge- 
ment of lymphatic glands are marked features ; and in the glands, 
especially about the neck, actual necrosis with ulceration may 
occur, constituting the so-called anthrax (•arbiinckvs. Such 
subacute conditions are especially found among liorses, which 
are by nature not so susceptible to tlie disease as cattle and 
sheep. 

On post mortem examination of an ox dead of anthrax, the 
most noticeable feature — one which has given the name “ splenic 
fever ” to tlie disease — is the enlargement of the spleen, which 
may be two or three times its natural size. It is of dark-red 
colour, and on section the pulp is very soft and friable, sometimes 
almost diffluent. A cover-glass j)re}>aration may l)e made from 
the spleen and stained with watery methylene-ldue. On examina- 
tion it will be found to contain enormous numbers of bacilli 
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mixed with red corpuscles and leucocytes, chiefly lymphocytes 
and the large mononucleated variety (Fig. 108). Pieces of the 
organ may be hardened in absolute alcohol, and sections cut in 
paraflin. These are best stained by Gram’s method. Micro- 
scopic examination of such shows that the structure of the pulp 
is considerably disintegrated, whilst the bacilli swarm throughout 
the organ, lying irregularly amongst the cellular elements. The 



Fig. 108. — Semping from spleen of ginuea-])ig dead of anthrax, showing the 
hacilli mixed witli lencoc^des, etc. (8ame. appearance as in the ox.) 

“Corrosive film ” stained with carbol-thionin-blue. x 1000. 

liver is enlarged and congested, and may be in a state of acute 
cloudy swelling. The bacilli are present in the capillaries 
throughout the organ, but are not so numerous as in the spleen. 
The kidney is in a similar condition, and here the bacilli are 
chiefly found in the capillaries of the glomeruli, which often 
a|)pcar as if injected with them. The lungs are congested and 
may show catarrh, whilst bacilli are present in large numbers 
throughout the capillaries, and may also be found in the air cells, 
probably as the result ofj rupture of the capillaries. The blood 
throughout the body is usually fluid and of dark colour.^ 
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The lymphatic system generally is much affected. The 
glands, especially the mediastinal, mesenteric, and cervical 
glands, are enlarged and surrounded by oedematous tissue, the 
lymphatic vessels are swollen, and both glands and vessels may 
contain numberless bacilli. The heart may be in a state of cloudy 
swelling, and the blood in its cavities contains bacilli, though in 
smaller numbers than that in the capillaries. The intestines are 
enormously congested, the epithelium more or less desquamated, 
and the lumen filled with a bloody fluid. From all the organs 
the bacilli can be easily isolated l)y stroke cultures on agar. 

It is important to note the existence of great differences in 
susceptibility to anthrax in different s])ecies of animals. Thus 
the ox, sheep (exce])t those of Algeria, which only succumb to 
enormous doses of the bacilli), guinea-pig, and mouse are all very 
susceptible, the rabl)it slightly less so. Tlie last three are of 
course most used for experimental inoculation. We have no 
data to determine whether the disease occurs among these in the 
wild state. Less susceptible than this group are the horse, deer, 
goat, in whicdi the disease occurs from time to time in nature. 
Anthrax also occurs epidcmiically in the pig, often from the 
ingestion of the organs of other animals dead of the disease. It 
is, however, doubtful if all cases of disease in the pig described 
on clinical grounds as anthrax are really such, and a careful 
bacteriological examination is always advisable. The luiman 
subject may be said to occiij)y a medium position between the 
highly susceptible and the relatively immune animals. The 
white rat is highly immune to the disease, while the brown rat 
is susceptible. Adult carnivora arc also very immune, and the 
birds and amphilna are in the same position. 

With these differences in susceptibility there are also great 
variations in the pathological effects ])roduced in the natural or 
artificial disease. This is es])ocially the case when we consider 
the distribution of the bacilli in the bodies of the less susceptible 
animals. Instead of tlic widesjmead occurrence descril)ed above, 
they may be confined to tlie |)oint where they first gained access 
to the body and the lymphatic system in relation to it, or may 
be only very sparsely scattered in organs such as the s|)leen 
(which is often not enlarged), the lungs, or kidneys. Neverthe- 
less the cellular structure of the organs even in such a case may 
show changes, a fact which is important when we consider the 
essential pathology of the disease. 

Experimental Inoculation.— Oi the animals commonly used 
in laboratory work, white mice and guinea-pigs are the most 
susceptible to anthrax, and are generally used for test inocula- 
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tions. If a small quantity of anthrax bacilli be injected into the 
subcutaneous tissue of a guinea-pig a fatal result follows, usually 
within two days. Post morteiu around tin; site of inoculation the 
tissues, owing to intense inflammatory (edema, are swollen and 
gelatinous in api)earance, small Inemorrhages are often present, 
and on microscopic examination numerous bacilli are seen. 
The internal organs show congestion and cloudy swelling, with 



Fk;. 109.- rortioii of kidney of a gniiiea-pig de:id of aiitln ax, sliowing tlie 
laicilli in tlie capillaries, especially of the gloniendus. 
raralliii section ; stained by Grain’s inetliod and Bisniarck-brown. x 300. 

sometimes small hamiorrhages, and their caiiillaries contain 
enormous numbers of bacilli, as has already lieeii described in 
the case of the ox (Fig. 109) ; tlie spleen also shows a corre- 
sponding condition. Highly susceptible animals may be infected 
by being made to inhale the bacilli or tbeir sjiores, and also by 
being fed with spores, a general infection rapidly occurring by 
both methods. 

Anthrax in the Human Subject. — As we have noted, man 
occupies a middle position in the scale of susceptibility to 
anthrax. It is always communicated to him from animals, and 
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usually is seen among those whose trade leads them to handle 
the carcases or skins of animals which have died of the disease. 
It occurs in two principal forms, the main difference between 
which is due to the site of entrance of the organism into the 
body. In one, the path of entrance is through cuts or abrasions 
in the skin, or through the hair follicles. A local condition 
called a ‘‘malignant imstule” develops, which may lead to a 
general infection. This variety occurs chietly among butchers 
and those who work among hides (foreign ones especially). In 
Britain the workers of the latter class chiefly liable are the hide- 
porters and hide-workers in South-Eastern London. In the other 
variety of the disease the site of infection is the trachea and 
bronchi, and here a fatal result almost always follows. The 
cause is the irdialation of dust or threads from wool, hair, or 
bristles, which have been taken from animals dc^ad of the disease, 
and which have been contaminated wdtli blood or secretions con- 
taining the bacilli, tliese having afterwards formed s})ores. This 
variety is often referred to as “ woolsorter’s disease,” from its 
occurring in the centres of the woolstapling ti-ade (in England, 
chietly in Yorkshire), but it also is found in idaces where there 
are hair and brush factories. 

(1) Malignant rmtnle . — This usually occurs on the exposed 
surfaces — the face, hands, fore-arms, and back, the last being a 
common site among hide-porters. One to three days after 
inoculation a small red painful pimple ap[)ears, soon becoming a 
vesicle, which may contain clear or blood-stained ffuid, and is 
rapidly surrounded by an area of intense congestion. Central 
necrosis occurs and leads to the malignant pustule pro])er, which 
in its typical form appears as a black eschar often surrounded 
by an irregular ring of vesicles, these in turn being surrounded 
by a congested area. From this pustule as a centre subcutaneous 
oedema spreads, especially in the direction of the lymphatics; 
the neighbouring glands are enlarged. There is fever with 
general malaise. On microscopic section of the ty])ical pustule, 
the central eschar is noticed to be composed of necrosed tissue 
and degenerating blood cells; the vesicles are formed by the 
raising of the stratum coriieum from the rete Malpighi. Beneath 
them and in their neighbourhood the cells of the latter are 
swollen and (edematous, the papillae being enlarged and flattened 
out and infiltrated with inflammatory exudation, which also 
extends beneath the centre of the pustule. In the tissue next 
the eschar necrosis is commencing. The subcutaneous tissue is 
also (Dedematous, and often infiltrated with leucocytes. The 
bacilli exist in the periphery of the eschar and in the neigh- 
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bouring lymphatics, and, to a certain extent, in the vesicles. It 
is very important to note that widespread (edema of a limb, 
enlargement of neighbouring glands, and fever may occur while 
the bacilli are still confined to the immediate neighbourhood of 
the pustule. Sometimes the pathological process goes no further, 
the eschar becomes a scab, the inflammation subsides, and 
recovery takes place. In the majority of cases, however, if the 
pustule be not excised, the cedema spreads, invasion of the blood 
stream may occur, and the patient dies with, in a modified 
degree, the pathological changes detailed with regard to the 
acute disease in cattle. In man the spleen is usually not much 
enlarged, and tlie organs generally contain few bacilli. The 
actual (iause of death is therefore the absorj)tion of toxins. It 
may here be said that early excision of an anthrax pustule, 
especially wlien it is situated in the (ixtremities, is followed, in a 
largo j)roportion of cases, by recovery. 

(2) Woohorter^s Dmase,—'f\\^ l)athology of this affection 
was worked out in this country es])ecially by (Ireenfield. The 
local lesion is usually situated in the lower part of the trachea or 
in the large bronchi, and is in the form of swollen patches in 
the mucous membrane oftmi with hieniorrhagc into them, The 
tissues are oedeniatous, and the cellular elements are separated, 
but there is usually little or no necrosis. There is enormous 
enlargement of the mediastinal and la'onchial glands, and 
hmmorrhagic infiltration of tlie cellular tissue in the region. 
There are pleural and iiericardial effusions, and hLeniorrhagic 
spots occur bencatli the serous membranes. The lungs show 
colhqjse and (edema. There may be cutaneous (edema over the 
chest and neck, with enlargement of glands, and the patient 
rapidly dies with symptoms of iudmonary embarrassment, and 
with a varying degree of pyrexia. It is to be noted that in such 
cases, though numerous bacilli are present in the bronchial 
lesions, in the lymphatic glands and affected tissues in the 
thorax, comparatively few may be present in the various organs, 
such as the kidney, spleen, etc., and sometimes it may be im- 
possible to find any. 

(3) Infection occasionally takes place through the intestine, 
probably by ingestion of siiores as in the case of animals ; 
but this condition is rare. In such cases thei'e is a local lesion 
in the intestinal mucous membrane, of similar nature to that in 
the bronchial form, the central parts of the Inemorrhagic areas 
being, however, sometimes necrotic and yellowish, and there is a 
corresponding affection of the mesenteric glands. In a case of 
this kind, recently recorded by Teacher haemorrhagic meningitis. 



312 


ANTHEAX 


associated with the presence of the bacilli in large numbers, 
occurred as a complication. 

The Toxins of the Bacillus Anthracis. — Various theories 
were formerly held as to the mode in which the anthrax bacillus 
produces its effects. One of the earliest was thtj mechanical, 
according to which it was supposed that the serious results were 
produced by extensive blocking of tlie capillaries in the various 
organs by the bacilli. According to another, it was supposed 
that the bacilli used up the oxygen of the blood, thus leading to 
starvation of the tissues. The discovery of definite toxins which 
accounted for the pathogenic effects of certain l)acteria led to 
such bodies being sought for in connection with the anthrax 
bacillus. Among other workers, Hidm-y Martin investigated this 
subject. This observer used alkali-albumin on which to grow 
the bacillus, this medium approaching most closely to the 
environment of the latter when growing in tlie animal body. 
From cultures in tlvis medium, concentrated by evaporation 
eitlicr at 100' C. or in vacuo at 35" to 45" C., there were 
isolated proto-albumose, deutero-albumose, and traces of peptone. 
The albunioses differed from those wliicli occur in ordinary 
digestion, in being strongly alkaline in their reaction. This 
alkalinity, iMartin held, was due to traces of an alkaloidal body 
of which the albumoscs were the i)recursors, and which were 
formed when the process of digestion of the alkali-albumin by 
the bacillus was allowed to go on further. By the albuinoses 
and the alkaloid, itatliogenic etlects were produced in animals, 
closely sinular to those produced l>y the bacilli tliomselves. 
Martin, to account for the symptoms of the disease, coiisidered 
that the fever was mostly due to tlie albuinoses, while, the 
oedema and congestion were due to the alkaloid wliich acted as a 
local irritant, lie showed that prolonged boiling destroyed the 
activity of the albumoscs, but not that of the alkaloid. Further, 
from the body fluids of animals dead of anthrax he isolated 
})oisonous bodies similar to those produced by the bacilli growing 
in this artificial medium. Ilankiii and AVesbrook arrived at the 
conclusion that the bacillus anthracis produces a ferment which, 
diffusing out into the culture fluid, elaborates albuinoses from 
the proteids present in it. The bacilli also juoduce albuinoses 
directly without tlie intervention of a ferment. Marmier, after 
cultivating the b. anthracis in iieptone solution containing 
certain salts, removed all the albuinoses from the resultant 
liquid, and from them, either by dialysis or extraction with 
glycerin, isolated a body which gave no reactions of albuminoid 
matter, peptone, [iropeptone, or alkaloid. This he considered the 



SPREAD OF THE DISEASE IN NATURE 313 


toxin. It killed animals susceptible to anthrax by a sort of 
cachexia, and in suitably small doses could be used to immunise 
them against subsequent inoculation with virulent bacilli. It 
was chiedy retained within the bacilli when these were growing 
in the most favourable conditions. Unlike the toxins of 
tetanus and diphtheria, and unlike ferments, it was not 
destroyed by lieating to 110" C. The toxin produced by the 
b. anthracis growing in a Iluid medium remains intimately 
associated with the bacterial protoplasm, as such cultures when 
tiltered are relatively non-toxic. 

It cannot be said that great light has been thrown on the 
pathology of the disease by these researches. The eliects of 
infection by the b. anthracis are those shared by all other 
01 ‘ganisms jjroducing inflammation, the tendency to cedenia 
lii'oduction of an unwonted degree being the chiei* special 
feature and one with refei’cnce to which Alartiibs work may be 
important. That toxic eliects do occur in anthrax is undoubted, 
for freqiientl}', while the bacilli are still locally conlined, there 
may occur i)yrexia and a'denia spreading \\idely beyond the 
pustule, but we have no delinite information as to how these 
eliects are produced. In this disease ^ve are probably dealing 
with another exam[)le of the action of intracellular toxins, 
regarding which, as in otliei- cases, little is known. 

The Spread of the Disease in Nature. — We have seen that 
the b. antiu'acis rarely, if ever, forms Sjjores in the body, and if 
the bacilli could bo conlined to the blood and tissut's of carcases 
ot animals dying of the disease, it is cm-tain that antlirax in an 
epideniic form would rarely occur. For it has been shown by 
many observers that in the course of the puti’efaction of such a 
carcase the anthrax bacilli rapidly die out, and that after ten 
days or a fortniglit very few remain. Rut it must be remembered 
that while still alive, an animal is shedding into the air by the 
bloody excrchions from the mouth, nose, and bowel, myriads of 
bacilli which may rapidly spore, and thus arrive at a very re- 
sistant stage. These lie on the surface of the ground and are 
washed oli' by surface water. At certain seasons of the year the 
temperature is, however, suliiciently high to permit of their 
germination, and also of their miiltii)lication, as they can un- 
doubtedly grow on the organic matter which occurs in nature. 
They can again form s})ores. It is in the condition of spores 
that they are dangerous to susceptible animals. In the bacillary 
stage, if swallowed, they will be killed by the acid gastric con- 
tents; but as spores they can pass uninjured through the 
stomach, and gaining an entrance into the intestine, infect its 



312 


ANTHRAX 


associated with the presence of the bacilli in large numbers, 
occurred as a com])lication. 

The Toxins of the Bacillus Anthracis. — Various theories 
were formerly held as to the mode in which the anthrax bacillus 
produces its effects. One of the earliest was the iiiechanical, 
according to whicli it was sup})osed that the serious results were 
produced by extensive blocking of the capillaries in the various 
organs by the bacilli. According to another, it was sipiposed 
that the bacilli used up tlie oxygen of the l)lood, tlius leading to 
starvation of the tissues. The discovery of definite toxins which 
accounted foi‘ tlic i>athogenic effects of certain bacteria led to 
such bodies being sought for in connection with the antlirax 
bacillus. Among otlier workers, Sidney Martin investigated this 
subject. This observer used alkali-alLmmin on which to grow 
the bacillus, tliis medium aj>proaching most closely to the 
environment of tlie latter when growing in the animal l)ody. 
From cultures in this medium, concentrated by evaporation 
either at 100 ' 0. or in vacuo at 35“ to 45“ C., there were 
isolated prolo-albuiuose, deutero-albiimosc, and traces of pei)tone. 
The albuiuoses differed from those which octair in ordinary 
digestion, in being strongly alkaline in their reaction. This 
alkalinity, Martin held, was due to traces of an alkaloidal body 
of which the al bun loses weri^ the ]»recursors, and W’hich were 
formed when the process of digestion of the al kali-all aimiu by 
the bacillus was allowed to go on furtlier. By the albuiuoses 
and the alkaloid, [>ath()genic ehccts wei'o produced in animals, 
closely similar to those produced by the bacilli themselves. 
Martin, to account for the symptoms of tlie disease, considered 
that the fever was mostly due to the albiimoses, while the 
oedema and congestion were due to the alkaloid which acted as a 
local irritant. He showed that prolonged boiling destroyed the 
activity of the albuiuoses, but not that of the alkaloid. Further, 
from the body fluids of animals dead of anthrax he isolated 
poisonous bodies similar to those produced by the bacilli growing 
in this artificial medium, llaiikin and Wes brook arrived at the 
conclusion that the bacillus anthracis produces a ferment which, 
diffusing out into the culture fluid, elaborates albuiuoses from 
the proteids present in it. The bacilli also |)roduce albuiuoses 
directly without the intervention of a ferment. Marmier, after 
cultivating the b. anthracis in peptone solution containing 
certain salts, removed all the albuiuoses from the resultant 
liquid, and from them, either by dialysis or extraction with 
glycerin, isolated a body which gave no reactions of albuminoid 
matter, peiitone, jiropeptone, or alkaloid. This he considered the 
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toxin. It killed animals susceptible to anthrax by a sort of 
cachexia, and in suitably small doses could be used to immunise 
them against subsequent inoculation with virulent bacilli. It 
was chiehy retained within the bacilli when these were growing 
in the most favourable conditions. Unlike the toxins of 
tetanus and diphtheria, and unlike ferments, it was not 
destroyed by heating to 110“ C. The toxin })roduced by the 
b. anthracis growing in a lluid inediuni remains intimately 
associated with the bacterial i)rotoplasni, as such cultures Avhen 
tiltored are relatively non-toxic. 

It cannot be said that great light lias been thrown on the 
patliology of the disease by these researches. The etiects of 
infection by the b. anthracis are those shared by all other 
organisms producing inllamniation, the tendency to oedema 
})roduction of an unwonted degree being the chiel’ special 
feature and one with refei'tmce to which Mai’tiibs work may be 
important. That toxic etfects do occur in anthrax is undoubted, 
for frequently, while the l)acilli are still locally confined, there 
may ocmir pyrexia and oedema spreading widely beyond the 
pustule, but we have no delinite information as to how these 
effects are [irodueed. In this disease we are jirobably dealing 
with another exanqile of the action of intracellular toxins, 
regarding which, as in other cases, little is knowui. 

The Spread of the Disease in Nature. — We have seen that 
the b. antlij’acis l•arely, if ever, forms s^iores in tlie body, and if 
the bacilli could be confined to the blood and tissues of carcases 
of animals dying of the disease, it is certain tliat anthrax in an 
ejiidemic form waiuld rarely occur. For it ha-s been shown by 
many obseiv'ei's that in the course of the iiiitrefaction of such a 
carcase the antlirax bacilli rapidly die out, and that after ten 
days or a fortnight very few remain. Rut it must be remembered 
that while still alive, an animal is shedding into the air by the 
bloody exci'L'tions from the mouth, nose, and bow^el, myriads of 
bacilli wliidi may rapidly spore, and thus arrive at a very re- 
sistant stage. These lie on the surface of the ground and are 
washed off by surface w^ater. At certain seasons of the year the 
temperature is, however, sufficiently high to permit of their 
germination, and also of their multiplication, as they can un- 
doubtedly grow on the organic matter wdiich occurs in nature. 
They can again form spores. It is in the condition of spores 
that they are dangerous to susceptible animals. In the bacillary 
stage, if swallowed, they wdll be killed by the acid gastric con- 
tents ; but as spores they can pass uninjured through the 
stomach, and gaining an entrance into the intestine, infect its 
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wall, and ultimately reach, and multiply in the blood. It is 
known that in the great majority of cases of the disease in sheep 
and oxen, infection takes place thus from the intestine. It was 
thought by Pasteur that worms were active agents in the natural 
spread of the disease by bringing to the surface anthrax spores. 
Koch made direct experiments on this point, and could get no 
evidence that such was the case. He thinks it much more 
probable that the recrudescence of epidemics in fields where 
anthrax carcases have been buried is due to persisteiice of 
spores on the surface which has been infected by the cattle when 
alive. 

The Disposal of the Carcases of Animajs dead of Anthrax.— It is ex- 
tremely important that anthrax carcases should be disposed of in such a 
way as to prevent their becoming future sources of infection. If anthrax 
be suspected as the cause of death no pv$t viortcm examinfition should be 
made, but only a small (piautity of blood removt'd from an auricular 
vein for bacteriological investigation. If such a carcase l)(s now buried 
in a deep ])it surrounded by quicklime, little danger of infection will be 
run. The bacilli being eonlined witliin the l)ody will not spore, and 
will die during the process of jnitrefaction. TTie daiig(‘r of sjiorulation 
taking })laee is, of course, mucli greater when an animal lias died of an 
unknown disease which on post, morUui examination has proved to be 
anthrax, but similar measures for burial must be here adopted. In some 
countries anthrax carcases are burned, and this, if ])racticable, is of 
course the best means of treating them. The chief source of danger to 
cattle subseijnently, however, jiroeeeds from the infection of fields, yards, 
and byres with the oflal and the discharge from tlie mouths of anthrax 
animals. All material tliat can be recognised as such sliould be burned 
along with the straw in which tlie animals liave lain. The stalls or 
buildings in wliieli the antlirax cases have been must be limewashed. 
Needless to say, the greatest care must ho taken in the case of men who 
handle the animal or its carcase tliat they have no wounds on their 
persons, and that they thorougldy disinfect themselves by washing their 
hands, etc., in 1 to 1000 solution of corrosive sublimate, and tliat all 
clothes soiled with blood, etc., from anthrax animals be tlioroughly 
boiled or steamed for half an hour before being washed. 

The Immunising of Animals against Anthrax. — Having 
ascertained that tliere was ground for believing that in cattle 
one attack of anthrax protected against a second, Pasteur (in 
the years 1880-82) elaborated a method by which a mild form 
of the disease could be given to animals, whicli rendered 
harmless a subsequent inoculation witli virulent bacilli. He 
found that the continued growth of antlirax bacilli at 42“ to 
43“ C. caused them to lose their capacity of producing spores, 
and also gradually to lose their virulence, so that after twenty- 
four days they could no longer kill either guinea-pigs, rabbits, 
or sheep. Such cultures constituted his premier vaccin^ and 
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protected against the subsequent inoculation with bacilli which 
had been grown for twelve days at the same temperature, and 
the attenuation of which had therefore not been carried so far. 
The latter constituted the deuxieme vaccm. It was further 
found that sheep thus twice vaccinated now resisted inoculation 
with a culture which usually would be fatal. The method was 
to inoculate a sheep on the inner side of the thigh by the 
subcutaneous injection, from a hypodermic syringe, of about 
' five drops of the premier vaccin ; twelve days later to again 
inoculate with the deuxieme vaccin \ fourteen days later an 
ordinary virulent culture was injected without any ill result. 
This method was applicable also to cattle and horses, about 
double the dose of each vaccine being here necessary. Extended 
experiments in Erance generally confirmed earlier results, and 
the method was, before long, used to mitigate the disease, which 
in many departments was endemic and a very great scourge. 
8ince that time the method has been regularly in use. It is 
difficult to arrive at a certain conclusion as to its merits. 
Undoubtedly a certain number of animals die of anthrax either 
after the first or second vaccination, or during the year following 
vaccination. At the end of^ a year the immunity is lost in 
about 40 per cent of the animals vaccinated; and thus to be 
permanently efficacious the taoccss would have to be repeated 
every year. Further, the immunity is much higher in degree 
if, after the first and second va(*.cinations, an inoculation with 
virulent anthrax is performed. Everything being taken into 
account, however, there is no doubt that tlie mortality from 
natural anthrax is much diminished by this system. 

During the twelve years 1882-93 3,296,815 sheep were vaccinated, 
with a mortality, either after the first or second vaccination, or during 
the subsecpicnt twelve months, of *94 per cent, as contrasted witli the 
ordinary mortality in all the flocks of the districts of 10 per cent. 
During the same time 438,824 cattle were vaccinated, with a mortality 
of *34 per cent, as contrasted with a probable mortality of 5 per cent if 
tliey had been unprotected. 

The immunisation of animals against anthrax has always 
been found to be a difficult proceeding. The most usual 
technique has been to commence with Pasteur’s vaccines, and to 
follow these by careful dosage with virulent cultures. Marchoiix 
in this way produced immunity, and found that the serum of 
immune animals had a certain degree of protective and curative 
action. The most successful attempts in this direction have 
been those of Sclavo and of Sobernheim. The former observer, 
after trying various animals, came to tlie conclusion that the 
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ass was the most suitable. He first emiiloyed a method similar 
to that of Marclioux; later, however, after noting the effects 
of the serum of an animal so immunised, he commenced the 
immunisation by injecting 5 to 15 c.c. of this serum along witli 
a slightly attentuated culture of the bacilli. A few days later 
this was followed uj> with injections of virulent cultures which 
could now be j)criodically introduced for many months, and a 
high degree of immunity resulted. What was even more 
important, the soruin of such an animal had strongly protective 
and curative properties. It has been extensively used in the 
treatnumt. of anthrax in man. In a case of malignant pustule 
30 to 40 c.c. arc injected in quantities of 10 c.c. into the 
abdominal wall, and if neces.sary the injection is repeated on the 
following day. In cases treated by )Sclavo himself tlie serum is 
alone employed, and its action is not aided by the excision 
of the pustule usually })ractised. The results obtained have l»een 
very good, — Sclavo, out of 1G4 cases, had only ten deaths or 
about a fourth of the ordinary mortality in Italy. Sol)ei‘nli(;ini 
independently elaborated an almost idejitic^al meth(.)d of com- 
bining passive with active immunisation for the obtaining of a 
powerful anti-serum, and he lias used this for the })rotective 
inoculation of cattle. The technique is to inject the seruin into 
one side of tlie neck or into one thigh and the culture (Pasteui'^’s 
second vaccine) into the other side ; the doses given are for 
cattle or horses 5 c.c. of scrum and *5 c.c. culture, and for sheep 
4 c.c. of seruin and ‘25 c.c. culture. The method has been widely 
used in Germany and in Brazil, and its originator claims as its 
advantages simplification of application, in tliat one operation 
instead of two is sufiicient, less risk of death following the 
immunisation procedure, and higher degree and more lasting 
character of the immunity resulting. Whether this method is 
really more efficient than that of Pasteur future ex})erience will 
show, but it might be preferable for develo])ing protection in 
herds at a time when an epidemic was raging. During the 
develoimient of active immunity it is likely in every case (see 
Immunity) that there is a peiiod of increased susce])tibi]ity to the 
disease. Such a period would be more likely to occur with the 
Pasteur method than with the Sobernheim jnocedure, where the 
presence in the animars body of the protective serum might tide 
it over the stage when the action of the vaccine was lowering 
its resistance. 

The effects of the b. anthracis have been much studied with 
a -view to the shedding of light on the processes obtaining in 
resistance and the development of immunity. Many puzzling 
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facts have long been known; for example, in the dog, which 
shows great natural resistance, the serum has little if any 
bactericidal action, while in the susceptible rabbit there is 
present a serum capable of killing the organism. Such observa- 
tions have hitherto been without explanation. Again the 
properties of the serum of immune animals have been much 
discussed. Sobernheim and others have been unable to detect 
in it any trace of special bactericidal action. Sclavo found that 
the serum when heated to 55° C. did not lose its protective 
properties ; as the serum might have been complemented (see 
Immunity) by the serum of tlie animal into which it was injected, 
he simultaneously introduced an anti-complementary serum and 
found that the heated serum was still effectual. From this he 
deduces that in the action of the serum substances of the nature 
of immune body and complement arc not concerned. Many 
have thought that tlie serum had a stimulating effect on the 
leucocytes, but Cler has brought forward ground for supposing 
that its effect is a sensitising one on the bacteria, and that thus 
the effects are to be traced to opsonic action. With regard to 
the formation of the luotective substances, it is stated that the 
spleen and l)one-marrow are richer in these than the blood fluids. 
In this connection an interesting fact may be mentioned, namely, 
that Koger and (Tarnier found evidence of the liver and spleen 
having si)ecial capacities for killing anlhrax bacilli ; an otherwise 
fatal dose could be introduced into the i)ortal vein or the splenic 
artery without causing death. 

Methods of Examination. — These include (a) microscopic 
examination ; (h) the making of cultures ; and (c) test in- 
oculations, 

(a) Minme/ypic Exam;in(ition. — In a case of suspected 
malignant jnistule, film ])re])arations should be made from the 
fluid in tlie vesicles or from a scrajiing of the incised or excised 
pustule, and stained with a watery solution of methylene-blue 
and also by dram’s method. By this method practically con- 
clusive evidence may be obtained ; but sometimes the result is 
doubtful, as the bacilli may be very few in number. In all 
cases confirmatory evidence should be obtained by culture. 
Occasionally bacilli are so scanty that both film jireparations 
made from different jiarts and even cultures may give negative 
results, and yet a fcAv bacilli may be found when a section of 
the pustule is examined. It should be noted that the greatest 
care ought to be taken in mani[)ulating a pustule before excision, 
as the diffusion of the bacilli into the surrounding tissues may 
be aided and the condition greatly aggravated. The examination 
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of the blood in cases of anthrax in man usually gives negative 
results, with the exception of very severe cases, when a few 
bacilli may be found in the blood shortly before death, though 
even then they may be absent. 

(b) Cultivatimi . — A small quantity of the material used for 
microscopic examination should be taken on a platinum needle, 
and successive strokes made on agar tubes, which are then 
incubated at 37° C. At the end of twenty-four hours anthrax 
colonies will appear, and can be readily recognised from their 
wavy margins by means of a hand lens. They should also be 
examined microscopically by means of film pre})arations. 

(c) 2.''est Inoculations , — A little of the susi)ected material 
should be mixed with some sterile bouillon or water, and 
injected subcutaneously into a guinea-ing or mouse, or it may 
be introduced into the subcutaneous tissue by means of a seton. 
If anthrax bacilli arc present, the animal usually dies within 
two days, with the changes in internal organs already described. 



CHAPTER XIV. 

TYPHOID FEVER— P>ACTLLI ALLIED TO THE 
TYPHOID RACILLUS. 


OTHER NAMES . — ENTEKIC FEVER: GASTRIC FEVER. GERMAN^ 
TYPITUS ABDOMINALTS : ABDOMINALTYFHUS : UNTERLEIBS- 
TYPHUS. FRENCH, LA FliiVRE TYPHOIDE. 

Introductory. — The organism now known as the bacillus 
typhosus was first described in 1880-1 by Eberth, who observed 
its microscopic appearances in the intestinal ulcers and in the 
spleen iji cases of typhoid fever. It was first isolated (from 
the spleen) in 1884 by Gaffky, and its cultural characters were 
then investigated. In 1885 Eschcrich observed a liacillus, now 
known as the bacillus coli communis, which occurs in the normal 
intestine and which both microscopically and culturally closely 
resembles the typhoid bacillus. Ordinarily the b. coli is no 
doubt a harmless saprophyte, but under experimental conditions 
in animals and also naturally in man it may manifest pathogenic 
properties. Investigation has shown that these two bacilli 
belong to a widespread group of organisms isolated from various 
disease conditions, which all bear close resemblances to one 
another and whose differentiation is often a matter of consider- 
able difficulty. Other members of this group are the para- 
typhoid bacillus, the organism of bacillary dysentery, the b. 
enteritidis of Gaertner, the psittacosis bacillus, and the bacillus 
of hog cliolera. 

Bacillus Typhosus. — Microscopic Appearances , — It is some- 
times difficult to find the typhoid bacilli in the organs of a 
typhoid patient. Numerous sections of different parts of a 
spleen, for example, may be examined before a characteristic 
group is found. The best tissues, for examination are a Peyer’s 
patch where ulceration has not yet commenced or where it is 
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just commencing, the spleen, the liver, or a mesenteric gland. 
The spleen and liver are better than the other tissues named, as 
in the latter the presence of the b. coli is more frequent. From 
scrapings of such solid organs dried films may be })repared and 
stained for a few minutes in the cold by any of the strong 
staining solutions, e.g. with carbol-thionin-bluc, or with Ziehl- 

N eel sen carbol - f uch si n 



Fkj. 110, — A l.'irge ciluiii]) of typlioid Imcilli 
in a s[»lecii. The iudividual l)acil]i an: 
only seen at the periphery of the mass. 
(Tn this spleen enormous nnmhers of 
typhoid bacilli were shown by cultures to 
l)e present in a practically pure condition.) 

Paraffin section ; stained with carbol-thionin- 
1)1 lie. X 500. 


diluted with five parts 
of distilled water. As a 
rule decolorising is not 
n ccessary . F or the proper 
observation of the ar- 
rangement of the bacilli 
in the tissues, paraffin 
sections should be pre- 
|)ared and stained in 
carbol -thionin-blue for a 
few minutes, or in Loffler’s 
m ethyl enc-bl no f or on e 
or two hours. Tlie bacilli 
take up the stain some- 
what slowly, and as th(\y 
arc also easi ly dccol ori sed, 
the aniline- oil method of 
dcihydration may be used 
witli advantage {vide j). 
93). Tn such prepara- 
tions the characteristic 
appearance to be looked 
for is the oceiirrenco of 


groups of bacilli lying between the cells of the tissue (Fig. 110). 
The individual bacilli are 2 to 4 g long, with somewhat oval 
ends, and '5 g in tliiekness. Sometimes filaments 8 /x to 10 g 
long may be observed, though tlioy are less common than in 
cultures. It is evident that one of the short oval forms may 
frequently in a section be viewed endwise, in which case the 
appearance will bo circular. This appearance accounts for some, 
at least, of the coccus-like forms wliich have been described. 


The bacilli are decolorised by Gram’s method. 

Isolation and Appearances of Cultures. — To grow the 
organism artifidally it is best to isolate it from the spleen, as it 
exists there in greater numbers than in the other solid organs, 
and may be the sole organism present even some time after 
death. The spleen is removed whole, and a portion of its 
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capsule is seared with a cautery to destroy all superficial con- 
tamiuatiiig orgauisius. A small incision is made into the organ 
with a sterile knife, a little of the pulp removed by a platinum 
needle, and agar or gelatin j)lates are prej)ared, or successive 
strokes made on agar tubes. On the agar media the growths 
are visible after twenty-four houi‘s’ incubation at 37 ’ C. On 
agar plati.'s the superficial colonies are thin and film-like, circular 
or slightly irregulai' at the margins, dull white l)y reflected light, 
bluish-grey by transmitted light. Colonics in the substance of 
the agar are small, and appear as Tiiinute round points. When 
viewed under a low ob- 


j e (i t i V e, t h e s u r f a c e 
colonies are found to be 
very transparent (rcfpiir- 
ing a small diapliragm 
for their definition), finely 
granular in ai)pearancc, 
and -witli a very coarsely 
(U’enated and well-defined 
maigin. The dee[) colonies 
are usually sjjlierical, 
sometimes lenticular in 
shape, and are smooth or 
finely granular on the 
surface, and more (.)[)a(|ue 
than the superficial 
colonies. On making 
cover-glass ] »rej)a rations, 
the bacilli ai'e found to 



Fm. 11 L'-Typlxtid bacilli, from a young 
cultinx‘ oil agar, sliowiiig some lilameiitous 
forms. 


jireseiit the same micro- Stained with weak carbol-fuclisin. x 1000. 


scoi)ic a})j)earaiices as are 

observed in [ireparations from solid organs, except that there 
may be a greater number of the longer forms which may 
almost be called filaments (l^hg. 111). The same is true of films 
made fi'om young gelatin colonies. Sonietiines tlie diversity in 
tile length of tlie bacilli is such as to throw doubt on the jnirity 
of the culture. Its purity, of course, can be readily tested by 
preparing plates from it in the usual way. As a general rule in 
a young (twenty-four to forty-eight hours old) colony, grown at 
a uniform temperature, the bacilli are plump, and the protoplasm 
stains uniformly. In old cultures, or in cultures which have 
been exposed to changes of temperature, the protoplasm stains 
only in parts ; there may be an appearance of irregular vacuola- 
tion either at the centre or at the ends of the bacilli. There 
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is no evidence that spore -formation occurs in the typhoid 
bacillus. 

Motility — In hanging-drop preparations the bacilli are found 
to be actively motile. The smaller forms haye a darting or 
rolling motion, passing cpiickly across the held, whilst some show' 
rapid rotatory motioiL The filamentous forms have an un- 
dulating or serpentine motion, aiul move inore slowly. Hanging- 
drop preparations ought to be made from agar or broth cultures 



Fig. 112, — l\vplioid bacilli, from a young culture on agar, showing flagella. 
Stained by Van Erinengem’s method, x 1 000. 

not more than twenty-four hours old. In older cultures the 
movements are less active. 

Flagella . — On being stained by the a])pro])i‘iate methods [vide 
p. 103) the bacilli are seen to possess many long w'avy flagella 
which are attached all along the sides and to the ends (Fig. 112). 
They are more numerous, longer, and more wavy than those of 
the b. coli. 

Cdiaracters of Cultures . — Stab cultures in peptone gelatin give 
a somewhat characteristic appearance. On the surface of the 
medium growth spreads outwards from the puncture as a thin 
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film or pellicle, with irregularly wavy margin (Fig. 113, A). It 
is semi-transparent and of bluish- white colour. Ultimately this 
surface growth may reach the wall of the tube. Not infrecpiently, 
however, the surface growth is not well marked. Along the 
stab there is an opaque whitish line of growth, of finely nodose 
appearance. There is no liquefaction of the medium, and no 
formation of gas. In stroke cultures there is a thin bluish-white 



A li c 

Fkj. 113 . 


A. Stab ciiliurt? of tlie typlioid bncillus iti gelatin, live days’ growtli. 
n. Stroke culture of the typhoid bacillus on gelatin, six days’ growth. 

C, Stab culture of the bacillus coli in g(datin, nine days’ growth ; the gelatin is split 
in its lower part owing to the foDuation of gas. 

film, but it does not spread to such an extent as in the case of 
the surface growth of a stab culture (Fig. 113, B). In gelatin 
plates also the superficial and deep colonies present correspond- 
ing differences. Tlie former are delicate semi-transparent films, 
witli wavy margin, and are much larger than the colonies in the 
substance, which appear as small round points (Fig. 114). These 
appearances, which are well seen on the third or fourth day, 
resemble those seen in agar plates, as already described in the 
method of isolation ; but on gelatin the surface colonies are 



